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ABSTRACT 


A COMPUTER PROGRAM FOR SHOP SCHEDULING 
OF MAINTENANCE AND CONSTRUCTION PROJECTS 


° 


OY 
LT. ROBERT A. SCHADE, JR., CEC, USN 


Submitted to the Department of Civil Engineering on 
24 August 1964 in partial fulfillment of the requirements 
for the degree of Master of Science. 


The purpose of this thesis is to develop a computer 
program for combining maintenance project schedules co 
economically utilize the manpower of the various skills 
of which a work force is composed. 


Using the Critical Path Method (CPM), the program plans 
each project from the engineering data submitted. It then 
determines the mcst economical working schedule from a con-~ 
sideration of direct labor costs and indirect costs asso- 
ciated with the spectrum of possible schedules. Within the 
constraints imposed by the composition of an available work 
force and established project priorities, starting times of 
the activities comprisiny the projects are computed, and 
manpower allocations are made to effectively utilize the 
available labor force throughout the desired scheduling period. 


Sufficient output is generated to provide top manage-~ 
ment and the scheduler with Long Range Schedule information 
and complete project summaries, to furnish the lead shop 
with detailed working schedules for each project and to list 
detailed master schedule information for the use of the 
entire work force. 


The principles of Controlled Maintenance are exploited 
and discussed. Three procram chains for CPM and related 
allocation computations are developed and described. The 
programs are demonstrated on a sample problem and excerpts 
of actual output as well as a Fortran program listing are 
included as appendices, 


Work reported herein was done in part at the Computation 
Center at M.I.T., Cambridge, Massachusetts. 
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Title: Professor of Building Encineering 
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CHAPTER 1 


INTRODUCTION 


1.1 Background 


Until recently, the only formal technicue of schedul- 
ing was the use of bar oc “Gantt" charts that graphically 
portrayed the interrelationships of a project's work 
elements. Unfortunately, these charts were often so 
liberal in their approach that little more than a rough 
estimate of the durations of the major work elements could 
be determined. Little or nothings could be learned from 
these charts of the economics associated with the alter- 
native working schedules. Neither did they indicate 
wnich tasks had the greatest influence on the completion 
time of the project. To answer these questions in addi- 
tion to providing more precise information of the inter~ 
rationships of different phases of the work, several new 
techniques were developed. 

The first of these techniques originated in 1957, 
when consultants from the Remington Rand UNIVAC Division 
of the Sperry Rand Corporation were asked by the DuPont 
Corporation to help devise a scheduling technique to be 
used in the construction, maintenance, and shutdown of 
chemical process plants. The technique devised by 
James E. Kelley, Jr. of UNIVAC, and Moryan R. Waiker of 
DuPont, is called the Critical Path Method (CPM). It is 
a method for achieving improved schedule and cost control 


over engineering projects. 
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In 1958, the Program Evaluation Research Task was 
foxmed by the United States Navy. The project team con- 
sisting of personnel from the Special Projects Office 
of the Bureau of Ordnance, the management consulting firm 
of Booz, Allen, and liamilton, and the Lockheed Missile 
Systems Division was directed to study and formulate 
improved methods for the planning and control of the 
complex pregrams that were to implement the development 
of the Fleet Ballistic Missile (Polaris). The method 
Geveloped by this group is cailed the Proyram Evaluation 
Review Technique (PERT). PERT is used for projects that 
involve research and development work in which the intel- 
lectual effort and the manufacture of component parts is 
new and usually being attempted for the first time, Hence, 
the time and cost estimates never can be predicted with 
adequate certainty, and probabilistic concepts are used 
to optain time estimates. CPM, on the other hand, is 
applied to projects that are of & more deterministic 
nature, Like maintenance and construction applications, 
in which costs and time estimates can be predicted with 
a greater amount of certainty. 

At about the same time that the new manayement tech- 
niques, PERT and CPM, ware being developed for planning, 
scheduling, and monitoring projects, the application of 
proven management and industrial engineering principles to 
the maintenance and operation of public works and public 
utilities was introduced in the Controlled Maintenance 
Program of the Bureau of Yards and Docks, United States 


' Navy. The lack of planning and control and the gross 
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inefficiencies associated witn the traditional house- 
keeping and breakdown methods of maintenance manayement 
had impelled its oryanized improvement. These motives 
were stimulated by phenomenal industrial advances and 
increases in the hourly rate paic for work performed, 

a xrising shortage of trainecé maintenance personnel, and 


increased use of, and reliance on autamatic equipment. 


1.2 Purpose and Scope 


Within the framework of a system of Controlled Main- 
tenance, and utiliziny the new maneyement technique,CPM, 
for the planning and scheduling of the work, a computer 
program is developed for combining maintenance projects 
to economically utilize available manpower of the various 
skills of which a work foree is composed. The schedul- 
ing system is Gesigned to permit advance planning in the 
shops for the accomplishment of all maintenance projecte 
except those which must be handled on a minor service or 


emergency basis due to their very nature. 


1.3 Developing the Framework 


First, the environment of a syetem of Controlled Main- 
tenance is described. Within this context, a project is 
traced from inception to its final scheduling. The method- 
ology of a planned system of maintenance manazjement is 


developed. 
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1.4 @he Scheduling Approach 

With the engineering data prepared, recent develop- 
ments in management scheduling techniques (CPM) and 
computer technology are combined to develop an approach 
to economically utilize a labor force of varied skills 


in the accomplishment of maintenance projects. 
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CHAPTER 2 


PLANNING AND ESTIMATING 


2.1 Controlled Maintenance 





Tne basic objective of Controlled Maintenance is 
to obtain the most efficient use of available manpower, 
material, and money by: (a) increasing the productivity 
of the maintenance work force, (b) insurin; that the 
etandards of maintenance are at the proper level, anc 
(c) achieving actual cost reductions in the maintenance 
of facilities. Five basic concepts form the basis of 
the composite set of integrated procedures established 
to meet this objective; namely, (1) organization, 
(2) continuous inspection, (3) planning and estimating, 
(4) shop scheduling, (5) reporting to manayement. Among 
the aims and purposes embodied in these concepts are: 

(1) Performing maintenance on a scheduled, planned 
basis rather than on an intermittent, breakdown basis. 

(2) Providing more direct control over the use of 
the maintenance labor force. 

(3) Correlating the work force and work capacity of 
each Shop or Work Center with its work<Load. 


(4) Obtaining equitable distribution of shop forces. 


2.2 Work Generation 
To meet these aims, work requests are yenerated from 


the planned continuous inspection systematically performed 


by technically qualified inspectors and operators and from 
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the expressed observations and desires of personnel who 
are not part of this prescribed group of public works 
personnel. These requests are then screened for leyality, 
necessity, fund and manpower availability, and scope. 
Following this screening action, the remaining work 


requests enter the planning phase. 


2.2 





The project plan prepared by planners and estinators 
should specify what work is to be done, what is needed to 
do the work, how it shovld be done, and who will do the 
work. In terms of the Controlled Maintenance concept, 
this means that complete specifications will be provided, 
the several tasks or activities that make up the project 
will be described and the applicable Work Centers or 
Shops will be indicated. The clarity, correctness, and 
completeness of the project plan is crucial to accurate 
estimating, effective material coordination, and realistic 


shop scheduling. 


2.3 Fundamentals of the Model. 


As noted previously, the planning phase consists of 





first determining the items of work to be performed (what), 
and second in what manner they can best be accomplisned 
(how). The foundation of all modem planning and schedul- 
ing techniques and project analysis methods is the project 
model or network diagram. 

A project can be viewed as a jroup of activities, 


jobs, and operations, performed in a certain sequence, 
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to reach an objective. Each one of the jobs and opera- 
tions that make up a project are time anc resource con- 
suming and will be referred to as an “activity or tazek". 

Each activity has a beginning and an end point in 
time that can be viewed as milestones of the project. 
These points in time are called “events”. 

A mathematical model that will satisfy the previous 
definitions can be visualized as a network in whic! 
circles or nodes, corresponding to events, are joined 
by arrows, corresponding to activities. Such a model 
is also a convenient way to express the sequential nature 
of a project. 

The planning stage begins with the determination of 
project activities and their interrelationship. To make 
certain that every interrelationship is established, the 
following simple questions may be asked for each activity: 

{1) Which activities must be completed before this 
activity can begin? 

(2) Which activities cannot start until this 
activity is complete? 

(3) Which other activities can be done at the 
same time? 

The project model, project network, or arrow diayran, 
which is a graphical representation of the anatomy of the 
project,can now be constructed. Each arrow head signifies 
the completion of an activity, each tail the commencing 
of work on that activity. There is a circle or node at 


the head and at tne tail of every activity. 
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2.4 Rules for Constructing the Project Model 

The followiny rules must be followed in forming 
the arrow diayram to permit the subsequent application 
of analytic techniques in the computer program: 

(1) Bach defined activity is shown by a unique 
arrow. 

(2) Arrows show only the relationship between 
Gifferent activities; the length and the bearing have 
no significance. 

(3) When a number of activities terminate at one 
event, this indicates that no activity starting from 
that event may start before all activities terminating 
at that event have been completed. 

(4) If one event takes prececence over another 
event that is not connected by a specific activity, a 
"Gummy" activity is used to join the two events. Dummy 
activities are usually represented by dashed arrows on 
the arrow Ciagram. 

(5) Events are identified by numbers. The nodes 
must be numbered such that no two nodes have the sane 
number. Each event or node should be identified by a 
number sequentially higher than the immediately preced- 
iny event. 

(6) The network must have a single starting event 
or origin and a single terminus ox ending event. 

(7) Activities are identified by the numbers of 
their starting event and ending event. (In addition, an 
igentification number is assigned to each activity, as 


well as to each project). 
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2-5 Levels of Detail in Arrow Diagramming 


There is no such thing as "a" model to represent 
a given project. An activity, it is recalled, is a 
meaningful segment or unit of work that can be accon- 
plished without interference or interruption from any 
Other work. The planner develops an activity list by 
examining the Gescription of operations involved. [In 
some instances, a single operation is an activity, and 
in other instances, an activity may consist of a number 
of operations or an activity may be subdivided. The 
degree to which steps are combined or subdivided wiil 
depend upon the work directly involved, the type and 
amount of related work involvec, ang the dezree of 


coordination reguired. 


2.0 Estimatiny the Project 

With the project activities plotted according to the 
arrow diajramming technique described in the previous 
sections, it can be seen that numerous paths exist bet- 
ween the initial node and the terminal node of the 
project network. By estimating the time it will take 
to complete each activity, (duration, Dig) and addin: 
the Curation of all the activities forming a path, various 
“durations for project completion" are obtained. The 
longest of these durations is the critical time for project 
completion, and the path associated with it ls the “critical 
path". The critical path controls the project completicn 
time. 

Estimating, then, is the informed analysis of all 


the known and probable elements of a proposed project 
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and the resulting forecast of the manpower and related 
requirements that will be needed to accomplish the 


project. 


2.7 





For purposes of estimating durations, activities 
are broken into the following categories: 

(1) Dummy activities ~- duration is zero. There- 
fore neither men nor cost is involved. 

(2) Activities of known rates of production - 
duration is determined from accumulated experience data 
and engineered performance standards. For example, cne 
carpenter can install one doorframe per hour. An activity 
to install a doorframe would have a duration of one hour 
if one carpenter were used. However, if two carpenters 
were used, developed standards might indicate that a 
Goorframe could be installed in two-thirds of an hour. 
This accelerated working rate has reduced the activity 
duration, but at the sacrifice of economy for one and 
one-third man-hours have been expended in the installa- 
tion of a single frame. This is the principle utilized 
in the computer program. To Simplify the work of the 
estimator, the activity durations are computed by the 
program £86m the man-hours requirement of the activity 
ana the total work crew assigned. 

The formula used is: 


AD = MH/(0.5 x WHPD x WRKRS) 
where: AD = Activity duration 
MH = Activity MAN-HOURS required 
WHPD = Working nours ner day 
WRKRS = Total number cf workers eon activity 
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Activity durations are rounced to the nearest half Gay. 
Two different manning teams are permitted, one to work 
the task at a standard rate, and the other at a crash 
rate. It is assumed that an activity can be worked at 
either rate. At the standard rate, maximum worker 
procuctivity results. The crash rate, on the other hand, 
is faster but iess efficient and therefore a more costly 
working rate. However, if epplied te critical activities, 
it results in a whorter project working time and conse~ 
quent reduced indirect costs. This is discussed in more 
detail in a later chapter. 

(3) Activities of specified duration - fcr cxample, 
the project specifications may require that “concrete 
will be allowed to cure for x days before bearing venicle 
traffic". 

(4) Material required - activities to represent 
material deliveries are not incluéed in the axxrow Cia-~ 
gram which is useé solely fer manpower allocation. Rather, 
material deliveries are estimated and projected availa- 
bility is utilized to determine the point at which project 
scheduling will be permitted. 

(5) ther activities - this includes those types 
of work for which no engineered performance standards 
exist. Here, all available informetion must be obtained 
and an estimate formulated. 

Time estiwates, for purposes of this program, are 
preparee in teris of half days. MWowever, there is 
nothins inherent in any of the analytic techniques which 
prohibits the use of hours, integer days, or weeks, 


except that all times must be in like units. 
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2.6 Summary 


The planner ane estimator is (are) responsible for 
preparing the project activity data used by the scheduler 
as a portion of the program input. The data contains 
the basic engineering, identification, and economic 
information of work to be accomplished. As described 
heretofore, this includes the project and activity 
identification numbers, the activity initial and terminal 
node table determined from the arrow diajram precedence 
requirements, the number of man-hours of work for each 
task, the number cf men recuired of each skill for each 


manning team,and the associated costs. 
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CHAPTER 3 
ACTIVATING THE PROJECT 


Rev lewis 1¢ Project Plan end Est inate 
The impact of the project plan on the Ghepe is of 





such importance that the manayer of the Planning and 
Eetimating Branch should earefuliy examine the completed 
plan and estimate before transmitting it for approval. 
This review should ineure that the final plan ane 
estimate is complete, accurate, lucid, and in con- 


formance with estaolished policies. 


3.2 Managing the Backlow 
Upon completion of the final estimate, steps should 
be taken to activate the project. These steps include 
the preparation cf the Project Order Mmauthecrization 
anc determining the timim; for iesuinyg the Order to 
the Mester Sche@uler. “hese steps together with those 
that determine the type of performance and those that 
affect balancing of shop forees, may be termed Mansgin; 
the Backlog. 


3-3 Determining Type of EB 


The determination must be made at to whether the entire 





project or parts of the project chould be done by outside 
contractors. Thig decision is based on the urgency of 
the work, the capacities and facilities of the shops to 
do the proposed work and, in some cases, thi comparative 


price. 
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3.4 Timing. 


Issuance of the Project Order may be deferred to 
meet budyet considerations and more favorable seasons 
or weather. Maintenance of equipment and facilities 
during idle or offpeak seasons is another aspect of 


timing in project management, 


3.5 Priorities 

There are two basic areas of maintenance, each 
requiriny different handling. he first area comprises 
emergency service and minor work generated by reasons 
of safety, breakdown, and so forth, or so classified 
because of the scope of work. Such work ig expeditiously 
completed by personnel designated for that purpowe. The 
second Gistinect area consists of Project Orders where 
the work exceeds the limitation set for minor work. 

This work has been the subject of this thesis and must 
be planned, estimated, scheduled, ané performed in an 
orderly, routine, and efficient manner. 

The program determines the relative priorities for 
completing submitted Project Orders from the indirect 
(opportunity, overhead, downtime) cost assijyned Curiny 
this phase of the project management. This assumes that 
management objectives for scheduling are for accemplish- 
ment of each project with minimum total expense. How~ 
ever, manayement may dictate other objectives such as a 
Girected starting or completion time or a shortest time 
plan involving crash methods. The indirect cost must be 
carefully assigned so as to fulfill the manageywent 


objectives, whatever they may he. 
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3.6 Project Authorization 

The completed staff work is submitted for project 
authorization to the desiynated representative of the 
firm involved. This person reviews and approves in 
writing the plan and estimate data on the Project Order 
and the indirect cost designation used to Geteruine the 


project priority. 


3.7 Material Coordination 





Under the principles of Controlled Maintenance, 
material coordination is achieved during the planning, 
and estimating phase, by specifying the types, qualities, 
quantities ,and costs of material required for each 
project and during the project manayement phase by 
recuisitioning and expeditin: material procurement. 
As soon as material availability for an authorized 
project has been determined, the Project Order is 


released for shop scheduling. 


3.6 Summary 
During the period of project activation, the plan 
and estimate for each project is meticuiously examined, 
the type of performance and the timiny are determined, 
the indirect cost is assigned, the project is authorized, 
and the availability of necessary materials is established. 


The Project Order is then released for shop schedulins. 
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CBAPTER 4 


SCHEDULING 


4.1 General 

Shop scheduling is the means of committinu shop 
personnel to specific work sufficiently in advance of 
accomplishment to assure coordination of the men, 
material, and equipment. This is necessary to achieve 
maximum efficiency of job performance. Shop schedul- 
ing is a carefully prepared advance plan of action that 
has taken into consideration the avallability of man- 
power, materials, and equipment; the proper sequence 
of work operations: the proper sequence of the crafts 
necessary to perform these operations; and the most 
economical force to be assigned to the various operations 
making up the complete project. Generally, the projects 
are released for schedulin; in the order they are re- 
ceived. However, projects requiring material procure- 
ment are not released until the date of material availa-~- 
bility has been established. The exact order in which 
projects are scheduled is contingent upon the need for 
the work in relation to the mission of the installation 
(priority): the availability of manpower, material, and 
work sites; and the seasonal characteristics of the work. 
Effective shop scheduling when properly performed provides 
for the orderly and economical accomplishment of projects, 
as well as the orderly introduction of work into the 
various Work Centers. Flexibility must also be provided 


to absorb urgent work and other unforeseen events arisiny 
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in the performance of maintenance work. Tnis manpower 
cushion is obtained by adopting a combination of two 
scheduiing systems: Master Project Scheduling and Work 


Center Scheduling. 


4.2 Committing Work 
Master Project Scheduling firmly commits, to major 


jobs, 75% of the shop forces available. This 75% is 
scheduled on both the Master Project Schedule and the 

Work Center Schedule. The remaining 25% of the available 
shop force is scheduled for minor service or emeryency 
work on the Work Center Schedule only. This 75%-25% ratio 
is not rigid. When several emergency projects arise 
Simultaneously or a large backlog of minor service wor 
Geveloops in a Work Center, it may be necessary to 
temporarily reduce the ratio to 70%-30% or o5%-35%. If 
the minor service work backlog becomes low, more men may 


be made available for Master Project Scheduling. 


4.3 Master Project Scheduliny 


Master Scheduling establishes an orvanized and coor- 
dinated plan for the accomplishment of major jobs. It is 
the principal subject of this thesis. A computer program 
is developed to firmly commit svecific Work Centers to 
specific projects for specific periods of time. Once the 
plan developed by the program hes been accepted, adherance 
to the schedule should be mandatory to assure that the work 
progresses in the most economical manner. The Marter 
Schedule should not be adjusted to meet minor chanjingy joo 


conditions or actual performance deviations. The Master 
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Schedule shouleé be changed only when there is a major 
chanye in the ecope of the work; when major ctelays occur 
as a result of the nonédelivery of material when anti- 
cipated; or when the entire schecule is Cisrupted by 
emergency conditions. 

The Master Seheduler is re#ponsible for the proper 
furwat grevaration of erogrem input data. As each spe~ 
cliic Froiect Order it received, he initiates action 
towerc Lim@i scheduliny of thac particular joo. Thies 
includes preparation of project and activity data ecards 
for each project and a master card daeck for each prorrain 
run. The Master Scheduler must arcertain the @vailability 
of manpower in each Work Center. He agsiyne a lead shop 


t @11i tose prajgecte which in lis opinion 


~ 


‘equine 

activity coordination. Further, the Mastex Scheduler 

he responsible for proper and commlete disseminwicon of 
proéram output for too manavyement anc shop use. le is also 
responsibie for aeguring thet proyect# with Mator changes 
or delays are re-engineered ami re-supwitees to the con- 


wuter for necessary schedalins ad jyustrente. 


be 
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Work Center Scheduling 

It will be recalied shat only approximately 754 of the 
work force is made aWailable for Master Scheduliny cf 
specific Project Orders. The remanniny 25% are scheduled 
by the Work Center supervisor on minor Service or emergency 
work. If an emercency project is imposed on a shop after 
the Master Schedule has been prepared, then the scheduled 
minor work, not the committed major projects, are inter- 
rupted to make the necessary manpower available for the 


emergency. The Work Center schedule, which indicateg the 
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Master Scheduling accomplished by the computer program 
and the minor service work scheduled by the Work Center 
Supervisor, accounts for the entire work force of a 
Work Center. It keeps the shop personnel informed as 
to which tasks they are to work and provides manpower 


availability information to the Master Scneduler. 
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CHAPTER 5 
PROGRAM TECHNIQUES 


5.1 Genexal 


This chapter presents a synopsis of the methods 
used in the three proyram chains: 

Chain 1: Detemiining the Critical Path for each 
project and the most economical Workin, Scheduie. 

Chain 2: Allocating total manpower to priority 
projects. 

Chain 3: Determining activity event times to 


utilize the available Work Force. 


5.2 Chain 1 

A. General 

After the master input card and the project iden- 
tification and accompanying activity data cards have been 
read into the computer, the proyram determines a workin: 
scheduie for each newly submitted project usiny the 
Critical Path Method (CPM). 

B. Critical Path Teghaigue 

It will be recalled that during the planning and 
estimating ohase, an arrow diagram of the project was 
prepared, and an estimate of the man-hours it would tax 
to complete each activity with two cifferent work crews 
was made. 

From this information can be found the earliest anc 
latest possible times for the occurrence of an event, or 
the earliest and latest times for the start and termina- 
tion of an activity. It ie noted that an event occurs 
only when all the activities terminatiny at that event 


are completed. 
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Zo. 


Because events and activities are very closely 
related, they will be treated integrally. Let (ij) 
represent an activity that is in a project. The 
beginning of activity (ij) is denoted by the event (i), 
and the end of the activity is dencted by the event (j). 
The duration of the activity (D; 5) represents the time 
aseociated with the perfoxmance of an activity. 

Relative to a project start time and completion 
time, each event has an earliest event time (ERE) and 
a Latest event time (LET. ). 

In the general case, it is possible to have more 
than one activity coming into an event. Because event (j) 
eccurs only when all activities terminating at (3) are 
complete, the earliest occurrence of an event (}), ame 
is 

—_ = max (EET, + >, 5) 


in which i¢j. 
Similarly, denotiny the eccurrence time of the 
terminal event in a project by the latest occurrence of 


an event (i), LET, , and definin;y it equal to its BET, 


LET, = min (LET, - D } 
i. 5 


Ly 
in wnieh i ¢ 3g. 
in Scheduling activities four terms are of interest. 

They are the following: 

(1) Barly start 

(2) Late start 

(3) Early finish 

(4) Late finish 
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Barly start (8) is defined as the earliest point in 
time an activity can be started if all preceding acti- 


vities are completed as scheduled. 


ES... = SST. 
i LE 


j 
Late start (LS) is defined as the latest point in 


time an activity can be started without delaying the 


scheduled completion of the project. 


be ,. *~ bET. - D.. 
23 3 1) 


Barly finish (EF) is defined as the earliest point 
in time an activity can be finished if all preceding 


activities are Gone in their scheduled durations. 


EF... = Fear. + B.. 
1.5 1 i} 
Late finish (LF) is defined as the latest point in 
time an activity can be completed witheut delaying the 


scheduled completion of tne project. 


LP... = LET. 
ii 3 


To facilitate analysis, it is necessary to introduce 
a concept that concerns itself with the lay that may occur 
on certain activities during a project without affectiny 
the over-all project duration. In CPM, this is referred 
to as "float" or “slack”. There are four types of float 
only one of which is of concern in this thesis. 

Total float (TF) is defined as the maximum amount of 
time the scheduled duration of an activity can be lenythenad 
without delaying the scheduled completion of the entire 


project. It is the difference between the latest and ear- 
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liest finiéh, or the latest and earliest start, 


. = fa ~ EE ~ BD, 
al L a T; Pas 
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Float is often considered as the measure of the 
criticaliness of an activity relative to the project as 
a whole. ‘When the maximum available time equals the 
Guration of an activity or, in other words, when an 
activity has zexo total float, that activity is terued 
"critical". Any increase in the time required for such 
an activity will result in a correspendinyg increase in 
the duration of the entire sroject. In a project, there 
are one or moxe paths fran origin to terminus on waich 


2 a 


this condition vrevails. Thais path(s) is termed the 


# 


“eritical oath”. The critical path is defined as the 


| ee 


lonyeet time path from the initial to the terminal event 
in a network. 

Tn the program a systematic method for determining the 
critival activities is used. The digo cian: consists of 
establishing the earliest event times and the latest event 
times for ali the events and applying a simple test to 
getermine if an activity lies on the critical path. An 
activity,to be critical, has to meet the following con- 


ditions: 


daa alcorithm is a mathematical technique which can b 
advantayeously utilized to solve a particular problem. 
Inherent in most algorithms: are specialized notation 
and a formal set of procedural cules. 
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The activity’s (i) event and (j) event must be critical 


events, and 


—_ $ LET; = _ * EET. = Dis 
By applying these simple tests to all the activities, 
the critical activities giving the critical path(s) for 
all newly submitted projects are cetermined. Tne work- 
iny schedules of all previously submitted projects are 
retained on a project carryover tape and need not be 


cecormputed. 


c. Project Cost Curve and Working Schedule 

To get the full benefit of a project mana .ement 
system, there is another factor that should be considered: 
Optimization of an objective such as cost or resources. 

The use of the standard activity durations for all 
activities may not always be satisfactory. To reduce 
the total project duraticn, resorting to a mere costly 
schedule may be necessary. A common practice in project 
manayement has been to apply extra effort te all activi- 
ties in order to obtain the compression in schecule. 
However, concentrating on activities that are on the 
exitical path is more fruitful, because any reduction 
in a critical activity (provided that it lies on the only 
critical path) results in a corresponding reduction in 
the total project time. The goal in carryiny out this 
project crashing process is tc keep the cost increase to 
a minimum. 

To provide this operating flexibility, the proyran 


permits one of two manpower teams to work each project 
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ectivity. One team would work the activity on a standard 
basis (Standard Duration, SD) at whic the yreatest 
worker productivity refults. Accordinjly, thie basis 

is the moet economical from the standpoint of direct 
labor costs. Thre otne® team would work the task on a 
cragh batbis (Crash Duration, Cb) which results in the 
shortest feasible activity working time. 

In general, crashing the time of an activity results 
in a higher direct labor cest because of declinin, worker 
productivity. Sowever, crashing the workin; times o? 
critical activities produces a shorter project duxetian 
with a lower project indirect cogt. 

A spectrum of project durations is poséible from 
stangaré manniny (SD) on all activities to crash manniny 
(CD) on all critical activities. The project working 
schedule with the least total ceste (sum of direct Insor 
costs and indirect cesets) is Getermined from these 
schedules for actually working the project. 

Yo formulate criteria for the procedure, it is 
necessary to previde cost data for the duration of 
atandard (Standard Cust, $C), and crash (Crash Cos tpCc) 


activities. The costs associated with a project may be 


gvamiically shown as follows: 
Cost 


-———— Projece GS@E 
-<—=4 Least Proj.Cost 


! =~ Ingdarect Cest 


Direc: Cost 





Duration 
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The right~hand limit is the project working time 
that results from standard manniny (SD) on all activities. 
The minimum point of the project cost curve (sum of direct 
and indirect costs) defines the most economical project 
Guration possible. 

To detemnine this point, standard manning (SB) is 
initially used on all activities. To shorten the project 
curation, critical activities are crashed one by one. 

In making the time reductions in the critical activities, 
those reductions that have the smallest incremental 
increase in direct labor costs (IC) are sought. This can 


be represented mathematically: 
Ic = CC - SC/SD - CD 


The critical activity with the smallest value of IC 
is crashed first. A new schedule for the whole project 
and the project cost curve are then determined. 

This process of crashing critical tasks one by one 
continues until the entire project cost curve has been 
found. The activity manning team confiyuration that 
resulted in the minimum project cest is then utilized for 
actually working the project. 

It miyht appear that a gimpler approach would be to 
start at the right of the project cost curve and compute 
new project durations only as long as the project Gost 

"@urve is decreasiny. However, two or more critical chains 
may exist in the project at the same time. If this were 
so, merely crashing one would produce higher direct laber 
costs but would not reduce the project duration and tne 
indirect costs. Therefore, several minima may exist on 


the project cost curve and the entire curve must be 
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generated to assure determination of the most economical 
project workiny schedule. 

This process is repeated for each newly submitted 
project. Onee established, the project duration, 
manning configurations, and activity workiny times are 
not altered. 

It is pointed out that this means of determininy 
the least cost schedule is not the only technique for 
Going so. Othex methods allow an activity's duration 
to vary between its standard and crash working times. 
The cost of crashing varies linearly between these two 
limits. A linear program is then used to determine the 
optimum durations of the activities given a fixed project 
working time. These methods were not used here since 
variable activity durations would have resulted in 
fractional manpower requirements. It was feit that this 
was not in keeping with the development of a practical 


operating program. 


D. Data Modification and Iransfer 

Berore the least cost working schedules can be 
written on the input tape for the next program chain, 
several modifications are made to some of the data. 

It will be recalled that the non-critical tasks 
possess a workable ranye because of their float. To enable 
the scheduling routine in Chain 3 to take advantage of all 
the float before having to work non-critical activities, 
new variables for best start and best finish are equated 
to the activity latest start and latest finieh respectively. 


In addition, another modification is made to the earliest 
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start and the latest finish of each activity. These 
variables were determined in texnas of the event node 
numbers vather than the assigned activity identification 
numbers. From the standpoint of program running effi- 
ciency, however, it is more desirable to have them indexed 
in the same manner as the other activity variables. There- 
fore, a conversion routine is ineluded to re~-define 
earliest stmrt and latest finish in this manner. 

Another routine is also included to delete the super- 
fluous values in the activity skill variables. There are 
two activity variables indicating manpower utilisation 
for each skill. However, once the appropriate manning 
team has been determined for an activity, half of this 
information is no lonyer required. Accordingly, a routine 
has been developed to delete the extra variable for each 
skili and use the correct manning team on each activity. 
The activity incremental cost serves this puxpose for 
whenever crash manning is to be used, the proyran causes 
the IC value for that activity to be made negative. A 
test is then made of the sign of IC to determine which 
manning basis to use. 

After the project start and finish are initialized, 
the data for each project is written on tape to serve as 
input for the following program chains. Basic project 
information is written on one tape for Chain ? use and 
the activity schedules are written on ancther tape for 


use in Chain 3, 
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E. Carryover Projects_ 

After all oriyginal projects have been processed, 
carryover projects are then manipulated. The first 
project working schedule is read from the carryover tape. 
First, it is determined whether to shift projects to 
keep them within range of the computed schedules output. 
Whenever the desired startin; Cay for the output sched- 
ules shifts from the end of one year to the beginning of 
the next, all old vroject working schedules must also be 
shifted. Next, its finish is compared with the master 
variable schedule start to determine whether the vroject 
is to be deleted. If the test shows that the project is 
scheduled to be finished prior to the desired scheduled 
start of the current output, the project will be deleted. 
Another test is performed to compare the carryover 
project identification number with the identification 
numbers cf newly submitted projects. Bf the same numoer 
is ancountered, the carryover project data is celeted, 
thereby preventing the project from being scheduled twice. 

The carryover information remaining is then written 
on tape for later program chains and control is trans- 


ferred to Chain 2. 


PF. Summary 
To present an overall picture cf this program Chain, 


a simplified flow chart is presented on the following pave. 
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FLOW ART OP CHAIN 1 


Reac Master Input 

Read New Project Input 

Reac and Count Activity Input 
Determine Project Standard Labor Cost 
Determine Largest Node 


Sum Men Required each Activity on Standard and 
Crash Mannings Basis 


Determine Activity Standard and Crash Durations 
Solve CPM Algorithm wita Standard Manning 


Calculate Activity Incremental Costc 


Crash Critical Activities and Determine new Schedules 


Select Least Project Cost Schedule 
Modify Data 
Output Project and Activity Data 


Read Carryover Project anc Activity Input 
Shift Project Renye as Required 

Delete Project if Completed 

Delete Proyect if Resubmitted 

Modify Data 

Output Project and Activity Data 


fransfer to Chain ? 
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5-3 Chain 2 


A. General 

One of the major outputs of this Chain is a lony 
range schedule of daily manpower utilizations. This 
output provides the Master Scheduler a means of Geter- 
mining daily manpower allocations amon: the projects 
for the duration of the schedule. It also conveys the 
project working times and working priorities for the 
infomnation of top manayement. The computations of this 
schedule and the nature of its parameters form the sub~ 


stance of this Chain. 


B. Project Priorities 

After the basic project data prepared by Chain 1 
has been read into the computer, project workin; priori- 
ties must be determined. 

Previously scieculed uncompleted projects receive 
First priority to enable them to be continued without inter~ 
ruption to completion. The priorities of other projects 
are determined according to the criterion that imaxrginal 
workers are utilized on those projects which provide tne 


greatest indirect cost savings. Thus, where: 


PP = Project Priority 
EV = Economic Value (loss per day) 
PAWP = Project Average Work Force 
and PP = EV/PAWF, 
the higher the value of PP for a project, the higher is 
its priority. 
There are two restrictions imposed concernin the work 


force composition. First, the total manpower availability 
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must remain unchanged for the scheduling reriod. Second, 
the distribution of men amony the Work Centers or skills 
must likewise remain constant for the same period. 

The reason that these priorities are considered 
necessary is the assumption that there will be more 
projects than men to work them. A selection criterion is 
therefore proposed to schedule the "better" projects first. 
It is stressed that this rationale is purely arbitrary 
though intuitively logical. The Master Scheduler may 
Gesire to give any new or re-engineered oroject priority 
over all other projects including projects being worked. 
To accomplish this objective, the Master Scheduler would: 

(1) Resubmit to the program as new data all working 
projects that the Scheduler desires to stop in favor of 
the more valuable project. Of course, only those activ- 
ities which have not been completed should be resubmitted. 

(2) Submit the valuable project with other new project 
data, being certain that the economic value (loss per day) 
assigned is so high as to give that project a very high 
priority according to the economic selection rationale. 

This procedure frees sufficient personnel to assure 
the valuable project is accomplished. However, those 
projects that were previously working lose their first 
priorities and have to compete for priorities with other 


newly submitted projects and unscheduled carryover projects. 


CC. Manpower Allocations _ 
When all project working priorities have been deter- 
mined, total manpower allocations can be made to the 


projects. The following procedure is employed: 
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(i) On the half day being scheduled, assign to each 
project a number of workers eqteal to the project averaye 
work crew. 

(2) Continue allodhting manpower in the above manner 
until the cenaining work forte is less than the average 
manning team of the next priority project. 

(3) Ad< men to the previously echeduled projects 
one man at & time to eé@th project until the numer of men 
remainimy te be scheculed Le Lexo. 

(4) Repeat the above process for sucHedsive nalf 
days until the entire rem, ec has been echeduled. 

Onee a project has been started, it is worteé con- 
tinually until completion. Wherefore, critical activities 
have xigidly defined starting times. Because of their 
workab.® renyes, non-critical activities heve variable 
starting times. At such, project daily manpow@r require- 
ments may be manipulated through dififerent ecdhecnliag cawe~ 
binations of the non-critical activities. 

Although thic allocation erecedure i6 not ws flexible 
as might be desirable, it is used because oi its relative 
programming simplicity. Fuxt.ex, if pxeiects weie Fo be 
seheduled initialiy at less than their average work crew, 
gxveater mampower demands would later occur, If several 
projects were so scheduled, a potential manpower overflow 
could xvesult. Such a schedule would be infeasible Since 
the matipower requirements would be greater than the avail-~ 
able labor force. 

Projects aré worked in the orderoe their priorities. 
Therefore, in step 2 of the procedure, the averaye wmenning 


Seams of other projects are not tested when the next 
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priority project cannot be worked. It is felt that 

it may be desirable to schedule projects initially 

at less than their averaye work force. Such a procedure 
would require a routine to estimate future work force 
utilization in addition to present usages of the half 
days being scheduled. This situation, alttough a 
programming possibility, would result in countless 
complications and is felt to be bheyond the scope cf). 
this thesis. 

It is also noted that the long range schedule 
allocates the labor force among the projects without 
aceess to their particular activity manning configurations. 
In all likeliho@a, the projects will not actually be 
worked at the rate prescribed by the long ranje schedule. 
The xeal purpose of this schedule is to serve as a guide 
not only to the Master Scheduler and manayement personnel, 
but also to program Chain 3 where the men are assisned 
according to skills. Although the detailed scheduling 
attempts to follow the long ranje allocations, activity 
mannins configurations preclude following them exactly. 
Modifications are therefore made to permit the establish-~ 


ment of a feasible working schedule. 


D. Transfer mf _Data and Control 

Project summary and lony ranse output listings are 
prepared by this Chain and basic project information is 
placed on tape as input for the last program phase. 
Control is then transferred to Chain 3. 

=. Summary 

To provide an overall picture of the discussion of this 
section, a simplified flow chart is presented on the follow- 


ing paye. 
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FLOW CHART OF CHAIN 2 


Read Input Data from Tape 

Assign Priorities to Working Projects 
Calculate Priorities of other Projects 
Assign total Manpower to Projects 
Output Lony Range Schedule 

Output Summary of Projects 


Output Project Data for next Chain 


Transfer to Chain 3 


33 A 


mw ia > — —— >) Gaal 
ee 
At > a >a ———>—— = oe a= 
ee 












—-_ 


vy 


ee - 


 —— <. oe -4 
ee = + <a Cate ». 


oe = = «ae eens © Gem 


A ee) 
LOC ll NT le AA Me ali 


—. 
= con 


ae 
a 


































efity fan 














5.4 Chain 3 

A. General 

The principal purpose of this program is to develop 
detailed workin; schedules for the Work Centers or 
Shops. This part of the program provides detailed 
working schedules for each project for the use of the 
leaG shop, and lists detailed master schedule informa- 
tion for the use of the entire labor force. The program 
techniques used in the preparation of these listings are 


discussed in this section. 


B. Conselidate Project ang Activity Data 

In order to establish actual (best) activity starts 
ef non-critical activiitie possessing workable ranges, the 
basic project information output of Chain 2 must he 
merged with the activity schedules developed by Chain 1. 
Project and activity information is continually read 
from two tapes, consolidated, and written on a third 


tape for use in determining activity event times. 


C. Locate the Project to be Scheduled _ 

Once the project and activity data has been meryed, 
the tape must be searched to determine the correct 
project to be scheduled. 


To eliminate much of the inefficiency inherent in 


tape searching, a series ofmumbers were assigned to deter 


mine the working order of the projects. Specifically, 


the series was prepared so that the first number equalled 


the relative position of the first project to be sched- 
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number were 5, this would indicate that the first 
project to be scheduled was the eighth one on the input 
tape and the second preject was the fifth one on the 
tape. These numbers, therefore, tell the program how 
many projects to skip before the correct project to be 
scheduled is read. Likewise, after a project has been 
scheduled, the next number tells the program whether to 
rewind the tape before searchiny for the next project 


or to continue searching without rewinding. 


D. Petexrmine the Starts of Non-Critical Activities 
When the correct project has been located and read 
into the computer, a restriction on the starts of non-~ 
critical activities is determined from the earliest 
starts and the latest finishes computed in Chain 1. 
This restriction must be found since activities that occur 
later in a network path are blocked by earlier activities 
in their respective paths. For any activity, the restric~ 
tive start is equal to the latest actual (best) finish of 


any previous connecting activity. 


E. DPetemnine Work Porce on Working Dagks. 

With the restrictive start of each activity computed, 
the program selects the first half day to be scheduled 
and determines the number of men of each skill: 

(1) Working on critical tasks. 

(2) Working on previously scheduled, uncompleted 
non-critical tasks. 

(3) Needed to work non-critical tasks whose latest 
starts are equal to the half day being scanned. Tnese 


tasks must be worked since a further Gelay in workin: 
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them would increase the project duration. 

Since the above activities must be worked on the 
half day being scheduled, some skills may be used at 
a rate greater then their proportional share of the 
available work force. The cumulative difference (CD) 
between the proportionate share of a skill and the 
actual number of workers of that same skill who are 
scheduled is therefore calculated after all workins 
activities have been determined. This deviation is 
compensated for in the selection of other non-critical 
activities to be scheduled on the same half day. 

F. Schedule Non-Critical Activities 

When the number of workers scheduled on the half 
day being scanned is lese than the number allocated by 
the Long Range Schecule, other nonperitical activities 
are scheduled. To determine which nonperiti@al tasks 
should be worked in their workable ranges,a selection 
criterion was sought which would yield a good practical 
working echedule and yet be self-compensatiny in that 
when deviations from proportionate skill shares occurred, 
they would be immé@diately compensated for in the selection 
of the next activity. 

The rule utilized is that the non-critical task whose 
actual skill requirement is closest to the proportionate 
share of the skills that the task requires, will be sched- 
uled. For example, essume a work force of 60 mens 40 of 
Skill leand 20 of skill 2. Purther, assume that all work- 
able tasks require a total of 6 men each. The orcpoerticnate 
Shares of the skills would then be 4 of Skill 1 and 2 of 


Skill 2. The task wuose actual skill reqcuirement is closest 
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to thepe proportionate shares will be scheduled. 

Since no tawk may confor exactiy to this require- 
ment, deviations between the proportionate shares of 
the skills and the actual skill requirements are recordeé 
and added to the shares of the next activity to be 
selected. In the case above, assume that the activity 
actually scheduled required 5 men of Skill 1 and 1 man 
of Skill 2. The deviations would be - 1 for Skill 1 
and +1 for Skili 2. Thus, for the next activity, the 
desired skill configuration would be 3 men of Skill 1 
and 3 men of Skill 2. 

All 60 men are scheduled in this way. In order to 
use the total manpower available, however, the last 
activity in the last project may have to assign some 
men out of skill. The Master Scheduler would then have 
to decide whether such assignments were permissible or 
whether to resubmit the activity during the next sched- 
ule run and permit these workers to be scheduled in the 
Work Centers on minor Service and emergency work. 

To select the non-critical task the followings 


mathematical formula is used: 


< on S$ +c WR 
v= > toa ** »” 
1 


wheres V = Value of the task in question 
W = Total number of workers required by the task 
TWA = Total workers available 
S$ = The workers available of a skill or from a shop 
CD = Cumulative difference (defined above) 
WR = Workers of a skill required by the task 


N Miaper of Skills of which the work force is 
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The task with the lowest V is Selected since it 
ref@ults in the least number of men being scheduled out 
of ekill on the proportionate share criterion utilized. 
It is noted that the pregcribed network sequence may 
preclude working some of the activities. After a task 
has been scheculed the restricted starts cf following 
tasks are adjusted. 

The above process is repeatec until the number of 
men scheduled for the half Gay being scanned is ecual to 
or greater than the number allocated, or until no more 
men can be scheduled because of the precedence require- 


ments imposed by the project network. 


G. Sche@ule Control Variances _ 


It is recalled that the Long Renge Schedule assigned 





the total work force for the half day in question. If 
the actual detailed manpower utilization determined 
above differs from the original allocation, such deviation 
is recorded and an attempt is made to compensate for the 
difference. For example, assumé' the 60 man labor ferce 
of the previous illustration had been allocated by the 
Leng Range Schedule, 40 men to project 1 and 20 men to 
project 2. If the detailed routine scheduled 45 men to 
the first project, the program, to stay within the total 
manpower availability would schedule only 17 men for 
project 2 in Lieu of the 20 originally assisned. 

The above procedure, however, has caused the first 
project to be over-worked and the second to be under-worked. 
The proyram records these variances and attempts tc com- 


pensate for them in the next half day scheculed. Thus, 
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in thie Lllustrative ekample, the proyram would try to 
asSign 37 men to project 1 and 23 to project 2. 

From the above, it is apparent that the detailed 
scheduie routine of this Chain attempts to follow the 
original ¢echedule developed in Chain 2 at closely as 
possible. It compensates imnediately for any Geviation 
introduced into the project workin; rates to assure that 
all work is completed on time, Wd that the entire work 


force is utilized. 


H. Project Processing 

Succeeding half days are selected, one at a time, 
and the above procecures are repeated until the sroject 
working schedule for the entire specified ranje has been 
determined. Succeeding projects are then selected 
according to the series of numbers determining their 


working order anc scheduled in the same manner. 


I. Summary 
To provide an overall picture of the ste»xs per~ 


formed in Chain 3, a simplified flow chart is presented 
on the following page. 

As further clarification of the techniques used in 
Chain 3, an example of the process of detailed schedul- 


ing, 18 presented in Appendix A. 
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FLOW CHART OF CHAIN 5 


Read Project Data from Tape 
Read Activity Data from Tape 


Consolidate Data and Output on Tape 


Read Project to he Scheduied from Tape 
Determine the Starts of Non-Critical Tasks 
Select Half Day to be Scheduled 

Determine Work Porce on Working Tasks 


chedule Non-Critical Activities 
Output Complete Working Schedules 
Output Daily Detailed Project Schedules 


Output Daily Master Schedule 


End of Progreai 
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CHAPTER © 


PROGRAM INPUT PORMAT 





The program requires three different tynes of input: 

(1) Master Schedule Parameters 

(2) Project Identification 

(3) Activity Data 

Because of the volume of cata handled by the progran, 
six different tape units are utilized. They have been 
assigned to The consistent with the Fortran Monitor 
System (FMS) used at M.I.T. Tape wnits are designated 


as foliows: 


Physical Loy.lcal Function 

A2 &, New program data inpute 

A3 2 Printed output 

A4 & User scratch tape usea py 
eregran chains 

BA 3 Primary chain tape for 
program storage 

B5 9 User tape for intermediate input 
and output between chains 

B5 LO User tape for intermeclate input 


and output between chains. 
Also used for carryover data to 
be retained for future scheduliny 
All tapes are rewound automatically as required by 
the program. Since Tape Unit 2 carries the printed out- 
put, it must not be rewound until all provran Chains have 
been completed. 
(1) Master Schedule Parameters 
The purpose of these parameters is to provide the 


Master Scheduler with adequate control of the program 
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operation. The format and purpose of these variables 


are as follows. Each should be right justified in its 


respective field. 


Caxd Cojnmns Format 


1-4 Intecer 
5-8 Integer 
Q~1? Integer 
13-16 Integer 
17-20 Integer 
21-24 inte yer 


Information 


ey we 


Schedule Start: the first day 
of the scheduliny period. 


Lon; Range Schedule Roenye: deter- 
mine! tihe ranje in working days 
of the long range schedule. It 
ruct not be larger than the number 
of workiny days in a year. Norm- 
ally, this range would be between 
2 and 3 montns. 


Detailed Schedule Ranye: decer-~ 
mines time range in woxking days 
of the detailed schedules. It 
must not Se lamyer than tne Long 
Ranye Scheecule ranye nor the 
mrumber of working days in a year. 
Mormally, this range wouid be 
between 2 weeks and 4] month, 


Workin; Davs Per Year: Must not 
be greater than 300 days 


Working Hours Per Day: 


Schedule New Year Shift: required 
to shift workiny projects from the 
enc of ene year to the beyinning 
of the next whenever Schedule 
Start is the beginning of a new 
year. A 1 should be indicated in 
such cases. At other times of 
the year, enter a 0. 
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25-28 Integer Project Carryover: conveys to the 
proyram if there is project carry- 
over Gata from a previous run. 

If there is project carryover, 
entez al. When there is no 
project carryover data (sucn ae 
in the first run of the program) 
venter a 0. 


29-32 Integer Skill 1 Availability: tells the 
proyram how many men cf this skill 
are available. WNumbere have been 
used in Lieu ef titles or Work 
Center affiliation. The number 
of men available of each skill 
must remain constant durin, the 
ranve of the nrinted output. 


33-36 Inteyer Skill ? Availabilities 
37-40 Inteyer Skill 3 Availabilities 
4\1—i4 Integer Skill 4 Availabilities 
45-48 Intever Gkill 3 Availabilitics 


(2) Project identification 
The purpose of these inputs is to identify the 
project for Subsequent printout and to allow the Master 


Scheduler to control the workiny order of the projectwsr 


4 


throagh a measure of economic value. Each variacle should 


be right justified in its respective field. 


Cazd Columns Format information 


1l~s Integer Identification Numoer: identifies 
eacn oroject for printed oucput. 
Use any number between 1 ane 
32, 76% 


65-10 Inte jer Project Economic Value: represents 
the indirect vosts per day (lows) 
ef not working the project. 
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(3) Activity Data 

The activity Gata input, prepared by the planner and 
estimator, provides the basic enyineerin,; information 
necessary for scheduling the activities by CPM. Each 
variable should be rijht justified in its reepective 
fiel@. All are required for each activity. One activity 
is punched per card. The field of a variable with zero 


value May be left blank. 


Card Columns Format Information 
i-5 Integer Identification Number: identifies 


each activity in a project for 
printed output. Use any number 
between 1 and 32,768. Activities 
can be numbered accordin, to 
shop ocr Work Center, skill, or 
lead shop. 


o-10 Integer Initial Nede: represents the initial 
node to which the tail of an 
activity connects. Modes should 
be uniquely numbered between 1 
and 100 in serial fashien (1,2,3 
4, etc.) auch that initial nodes 
are less than their correspond~ 
ing terminal nodes. 


11-15 Integer Terminal Node: represents the ter~ 
minal node to which the head of 
an activity connects. same 
restrictions as above. 


16-20 Integer Man-Hours of Work: represents 
the man-hours of work estimated 
to work an activity. For con- 
straints (Gummies, etc.) which, 
by definition, require no work, 
this variable should he zero. 
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inteyer 
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Standard Cost: represents the 
direct labor costs to work an 
activity on a standard manning 
basis. This would be obtained 
by the estimator by multiply- 
ing the estimated standard man- 
hours of work by the cost per 
man~nour. 


Crash Cost: represents the direct 
labor costs to work an activity 
on a crash manning basis. in 

most cases, crashing the work- 

rate results in a hiyher cost than 
working it on a standard basis due 
to declining worker productivity. 

This figure shoule be estimated 

with care since it directly 

influences the rate at which an 
entire project is worked. 


Skill 1 Requirements: Conveys hcw 
many workers of skill 1 are 
Krequired by an activity to work 
it on a standard manning basis. 

For constraints, when the 
value of man-hours of work i6é 
zero, this variable conveys to the 
program the nuniber of half days 
of lag on a standard basis which 
are involved. 


Skill 1 Requirements: same as 
above except om a crash »asis. 


Skill 2 Requirements: conveys how 
many workers of skill ° are 
required by an activity to work 
it on a standard basis. 


Skill 2 Requirements: same as 
apove except on a crash basis. 


Skill 3 Requirements: same as 
above except on a standard basis. 
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41-42 Integer Skill 3 Requirements: same as 
above except on a crash basis. 


43-44 Inteyer Skill 4 Requirements: same as 
above except on a standard basis. 


45-46 Integer Skill 4 Requirements: san@ as 
above except on a crash basis. 


~~ 


47~48 Inteyer SkLiLL 5 Requirements: same as 
abeve except on a standard basis. 


49—50 Iinteyer Skill 5 Requirements: same as 
algeve except on a Srash basis. 


6.2 Revised Projects 

If a change in a project is required, the complete 
re-engineered project must be resubmitted. To Go this, 
delete obsolete or completed activity cards fron the 
original input deck and add new or revised cardz As 
required. Submit the new deck toe the computer with any 
other new input projects. The same project identifica- 
tion number must be used in order to delete the old proj- 


ect data from the carryover tape. 


6.3 Inoue Data Sequence 


All original input data must be read into the con- 
puter in the followiny sequence: 


(1) Master Schedule Parameter card 

(2) Project identification card for project A 
(3} Activity Data cards for project A 

(4) Blank caxd 

(5) Project IGentification caré for preject N 
(G) Activity Data cards fer project N 

(7) Blank card 

(&) Project Identification card for last project 
(9) Activity Data cards for last project 

(10) Blank card 

(11) Blank card 
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The blank card between projects signifies that all 
activities in that project have been read. The extra 
blank card at the end of the new program input signifies 
that all projects have been read. It is obvious, then, 
that neither a project identification number nor an 
activity identification number can be zero. 

To economize on computer time, the new input data 
snould be transferred to Tape Unit 4 off-line. If proj- 
ect carryover is involved, the carryover tape should be 


placed on Tape Unit 10. 
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CHAPTER 7 


PRINTED PROGRAM OUTPUT 


7.1 Ggmeral 


The program generates sufficient output to furnish 
top manayement and the Master Scheduler with Long Range 
Schedule information and complete project summaries, 
to furnish the lead shop with detailed working schedules 
zor each project, and to list detailed master schedule 


information for the use of the entire labor force. 


7.2 Long Range Schedule 
This schedule lists information for each project 

worked on each half day of the schedule ranye specified. 
A separate page is prepared for each morning and after- 
noon of each day, and appropriately labeled with the 
schedule range, the total manpower availability, and 
the actual number of men scheduled to work. The follow- 
ing information is furnished for each project: 

(1) Identification number 

(2) Start 

(3) Fanish 

(4) Total Man~-Hours of work required 

(5) Man-Hours Remaining to be worked 


(6) Average Men Working 
(7) Scheduled Men/Day 


7.3 Project Summary 
The project summary lists all projects submitted to 
the program in their order of working and yives enuyineering 


(CPM) output data and cest data for use by the scheduler 
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and the engineers. 


The following is listed for each project: 


(1) 
(2) 
(3) 
(4) 


(5) 
(6) 
(7) 
(8) 
(3) 
(10) 
(11) 
(12) 


Identification Number 
Total Number of Activities 
Total Man-Hours of work required 
Start 
For unscheduled projects, 
words "MOT SCHEDULED" 
Finish 
Working Time (Duration) 
Direct Labor Costs 
Economic Value (Loss/Day) 
Direct Labor Costs on Standard Basis 
Working Time on Standard Basis 
Direct Labor Costs on Crash Basis 
Working Time on Crash Basis 





This listing prepares a complete working schedule 


fox any preject worked in the detailed schedule range. 


The purpose of this output is to provide full CPM data 


for use by the scheduler, lead shop, and the enjineers. 


This schedule lists the following for each activity 


in a project. 


Bach peaye of output appropriately identi- 


fies each project: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 


identification Number 
Initial Nede 

Terminal Node 

Man-Hours of work required 
Total Number of Men required 
Direct Labor Cost 

Working Time (Duration) 
Barliest Start 

Barliest Finish 

Latest Start 

Latest Finish 

Total Float 

Critical or Wot Cré@tical 
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7.5 Daily Petailed Schedule 
This schedule is aise prenared for each project and 
is intended for the use of the lead shop actually respon- 
sible for conductiny the work. As such, the actual start 
and finish for each activity in a project is listed. 
Appropriate titles are printed at the top cf each page 
of cutput identifying the project and the half Gay, 
morning or afternoon, involved. 
The following is liste€ fox each activity in each 
half day of the detailed schedule range: 
(1) Identification Number 
(7) Initial Node 
(3) Terminal Node 
(4) Man-Hours of work required 
{5) DBirect Labor Cost 
(5) Working Time (Duration) 
(7) Best Start 
(8) Best Finisn 
(9) Total Number of Men required 


(10) Number of Men required of each Shop. 
Skill, ox Work Center as desired 





This final output mexses the daily detailed’ scheculec 
to furnish work information for the wuee of the entire labor 
force. All activities being worked in the synecific de~ 
tailed schedule range are listed.by project in ascendin 
oxder of their start times. The same information is 
presented for each activity as listed in the Daily Detailed 
Schedule. 

The results for each half day are summarized. The 
number of men available from each Shop, Skill, or Woxk 
Center as well as the actual number of men scheculed are 


presented. 
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7.7 Qutput Coding Scheme 

Por all computer outputs, the following coding 
scheme has been developed: 

Work tasks or activities commence at the beginning 
of the haif day (morning or afternoon) cited, and ter- 
Minate at the end of the half day cited. The number to 
the right of the decimal refers to the half day iden- 
tified by the inteyer portion of the number. A (.0) 
refers to the morning, and a (.5) refers to the after-~ 
noon of the day in cmestion. 

For example, a project starting on day 1.0 begins 
in the morning of the first working day. A project end- 
ing on day 10.5 terminates at the end of the afternoon 
of day 10. Thus, if the completion time were 16.0, the 


project would end at noon on day 10. 
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CHAPTER 8 


CONCLUSIONS 


S.1l Simmaary 

The maintenance and/or construction project was 
first discussed from inception cto scheduling within 
the framework of a system of Controlled Maintenance. 

The role of the planner and estimator in prepar- 
ing the engineering data vital to the scheduling process 
was explained. CPM was defined and reduced to its 
essential ingredients, each of which was described 
in terms of meaning, application, and implementation. 

Scheduling was exposed and fully discussed. A 
digital computer was found to permit more effective 
utilization of CPM techniques and the economical 
utilization of human resources. 

Three program Chains for CPM and related resource 
allocation were presented. The techniques and the 
criteria utilized were explained in some detail. Finally, 
the required program input format was summarized and the 
scope, puxypose, and format of the output schedules were 


presented. 


8.2 Comments 

It can be readily seen by comparing the descriptions 
in the preceding chapters with the Fortran listing in 
Appendix B that every programming detail was not dis- 
cussed. For simplicity and clarity, it was deemed 


G€esirable to discuss cniy the major program techniques. 
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ft is noted that the proyram's variables were dimen~ 


sioned such that the maximum 


(1) Mumber of projects = 50 

(2) Number of Activities per project = 100 
(3) Number of workiny days per year # 360 
(4) Number of Shops, Work Centers, 


or Skills = 5 


These vaxiable dimensions were established arbitrariiy 
keeping in mind the computer memory Limitations for each 
Chain of the program. In fact, the program was logic- 
ally separated into Chains to provide flexibility in 

the dimensions of these variables. Therefore, the limits 
can be varied to suit the needs of a particular user. 

Of course, this would necessitate slight program index- 
ing revisions. 


The approach used in the ection of the decision 


ele 
rules was to seek a good practical workiny schedule in 
those cases where the best possible one was precluded 

by the complexity involved in the use of an exact 
selection criterion. For example, to assure the estab- 
lishment of “the" optimum working schedule for the total 
labor foree, jiven the restriction that projects must be 
worked within the times determined by their critical paths, 
all possible combinations of activity schedules would have 
to be tested. The computer running time required to 
accomplish this on a preblem of much maynitude would be 
prohibitive. Therefore, an alternate vood schedule was 


sougnt. 
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8.3 Conclusions 

The three program Chains took approximately four 
minutes for compilation (translation from FORTRAN coding 
into machine language). Runs of simple problems were 
made to test the theory, principles, methods and proce- 
Gures underlying the program. In addition, these simple 
problems provided a means of comparing machine perform- 
ance with hand calculations. In ali cases, the evolve- 
ment of a manually produced schedule of a calioer equal 
to that produced by the computer was extremely Laborious. 
Further, what appeared to be a satisfactory schedule 
before comparisen with the machine results, often proved 
afterward to be nothing more than a random selection of 
projects and activities with skill requirements similar 
to those which were available. The greatest difficulty 
in manual preparation appeared to be keeping track of te 
different tasks that could be worked. I experienced a 
great deal of confusion in preparing an overall schedule, 
until the point of selecting the last few tasks to be 
worked was reached. Then, the magnitude of the problem 
had been sufficiently reduced so that it was apparent 
which skills had been fully utilized. Accordinjly, I 
avoided selecting activities requiring these skiils in 
favor of other tasks. 

This experience brings out one of the principal keys 
to the success of the program. It could predict the 
effects of individual activity selections on the overall 
working schedule without having to determine the entire 
schedule. By using the proportionate shares rule for 


scheduling tasks, the computer, in essence, reduces the 
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magnitude of the scheduling proolem by proportionally 
scaling down skill availabilities so that each task is 
selected as if it were the last one to be worked. By 
this means, an overall working schedule is determined 
immediately without having to test a myriad of activity 
combinations. 

On the basis of the test runs, the program appeared 
to perform as expected. From the basic enyineering and 
cost data furnished for the activities, the program 
determined the minimum cost, the critical path workin, 
schedules for each project, scheduled the project in 
time, and determined best starting times for the sched- 
uled projects’ tasks. Manpower allocations were made 
within the constraint of the composition of the work 
force. Several men were assivned out cf skill on the 
last activity scheduled in ordeg to utilize the entire 
available labor force. As discussed previously, these 
assignments would have to be checked by the Scheduler, 
and, if unacceptable, the men could be reassiynecé to the 
Work Centers for the accomplishment of miner service and 
emeryency work. 

In summation, the proyram serves to clearly undieate 
that a computerized resource allocation procedure for 
maintenance or construction projects, where a cconetant 
level of resource use is highly desira»sle if not required, 
produces results which are consistently superior to those 
Oderived by manual procedures. Further, the uncerlying 
concepts of the system of Controlled Neintenance by which 
a project is systematically planned step by step, uniquely 


cause the resulting Project Order to be readily adaptable 
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to use of the Critical Path Method of scheduling. 


8.4 SGuygestions for Future Work 

There are several areas which present interestiny, 
possibilities for future work. 

One involves modifying this program and ite selection 
rules for actual utilization by a particular organization. 
The present program, for instance, is only capable of 
handling a constant labor foree for the duration of the 
scheduling period. In fact, an organization may work 
multiple shifts each day with different manpower availa- 
bilities fox each shift. In addition, many of the 
selection rules are arbitrary and way not serve to optimize 
the objectives of @ particular usec. 

Another would be incorporatin:, a version of this 
erogram into an inteyrated operatin,s syetem of Controllea 
Maintenance. Such a system could produce all manayement 
reports, cost control and accounting reports, work ner- 
formance results, payrolis, and the like. With the use 
of time shar try" and decentralized input/output devices, 
an integrated program could be used to assign men to 
new activities and projects on a continucus basis and 
prepare field orders for working each task. Such a systen 
would constitute a real-time approach and open totally 
new horizons in the field of Controlled Maintenance. 

A third possible area of interest lies in the applii- 
cation of this program for the allocation of fixed 


resources to the more general case of construction 


dame shariny refers to a computer system whereby a lar Je 
number of users located at diverse remote locations, 
simultaneously use a large high speed diyital computer 
to solve their problems. 


-prlniedos La bewtret fagt ipods aie Be see od 


: Soot wee cub sieteep el §.e 
abe wverd patra, Mile semis Re Bi wir 
ered evut vat veethlictbace 
naleestee ask dae Wig din atl Sie ditt ao 
Okie terete Skited samy a yt wulswntiidu Candi Gol selos 
+8 eheres eine of SeGneskdl 09 ek SO see ort 
02d OD nettowed we ocd Seread weet yeeveure ¢ yal ines 
ete Vie coltertnepic ne feat AS Salise oil tueerize 
~cblete Fowedhin enetetTtis sto fe ee ice ars SY em 
wld OO Gees Sez S0e ot” 39 ite Wks few walled 
ous ie' ter Used” SOF dhe nd Yas ete Uae Deidy AobreATb 
) deku! Pate sag b OS werbdbstes aif 
duct eViewt Wi bhad MA te 
peLlesereO fe wacbys plimeieo bateniale: as Gul onx; 
outage J9 weer alvee wSeys @ sane eo 
ve Wom (ani cliksatiasie Wine Drstme Sey aes 














oe weet eabewe dz Caee 48 Btuen =tiers) bo 
Gee abuet souenlowes © DY AIDerot ber canoe pe 
mesys «Kane Sees rh ny BM pr nrerten 












projects where reseyress are pot so limited, With the 
advent of - eae and peapliece decision making 
teh es tais emntd i Meh wo Winans general case 
wy the dynamic specification of allowable eevourve 
usage Limits. 





























wat AEDS Aeon! od Sell id wala) allie ballot, 


s een” — az ae «- @ .@ am» ™ 4 


— mr _eamieEa «~~ Ta eae «& 





—_— —-— . oe RE aa ae. = a 
‘ ee ——— 
on —to—m <é—— = ae 
cme te andy * dam pattie. in Be 
ee ee ee a 6° pa _ A 
oe, we dete alles Oe Slee ee 
~~ 2) = pee fee 
ee ee 
re ee 
Vee wee 6 & fee, 
(oo @0 ev Www 











© 
«+ 





+ ome 
ve es 


ed als o~ ae De 
rr —< - Pe Fa we 
' _- »‘ Ve _ ; 7 5 
eee + 
: Be Pf ae ow : 
— [i tr —— az | le ay a 
—_, t 





















ee 


>/ 


BISLIOGRA PHY 


Araé, B. M. and Surkis, Julius, “PERT and CPM Techniques 
in Project Management,” Journal of che Constraction 
Division Proceedings of the American Society of 
Civil Engineers, 1964 





Brachy. John R., "An Apolicaticn of Resource Allocation 
Techniques," Department of Civil Engineering Thesis, 
M,IsT., 1963 


Chamoy, James A., "A Critical Path Program Manual,“ 
Depaxtment of Civil Engineering Thesis, M.I.T., 1963 


Clough, Richard H., Construction Contractiny, down Wiley 
& Sons, Inc., New York, 1960 












a) ath Method, UNIVAC, Division of Sperry Rand 
rporation, Minneapolis 





Gutcliffe, J. Lloyd, “Lecture Notes on Critical Path 
Scheduling," Octeber, 1963 


Dean, K. L., Pundamentais of Network Pianning and Analysis. 
UNIVAC Military Devartment 





Parmer, Jack Roberts, Jr.; “A Digital’ Gomputer fColution 
to the Critical Path Problem and an Appreach to 
Resource Allocation," apartment of Civil EBngineerim 
Thesis, M.2.T., 1962 


Fondahl, John W., A Non-Comouter Approach to the Critical 


Path Method for the Construction Industry, Depart- 
ment of Civil. Engineering, Stanford University, 19°1 


GE-225 Application, Critical Peth Method Prooram, General 
Blectxic, Computer Department, Phoenix, 136? 








“IBM General Information Manwal, PERT ... a dynamic 
project phanning and control method.” 


“IBM 7090 PERT COST Program." 


wd 


: elie shin es We 
aw piidiet 1S Gee GB . 0. 
mifernitia euwcet In soteweliqnsA af’ 3 an oa 


FR a aro i ea Bm ee 


~ tome wenger? viet deeedis? A, a et vee 
teed .ots0. 0 oebeet! unkeeosdiga® 43745 fo sempaeee 


sl yeemit speed 


COL1+ TOU «ANE LR | 
ee aot . 2h nee @ 
oo ee 5 ee ee ene 

° - 


ten, demidieS oe i6hat w1deSet” yOks «b | 
cqel \ tke". 4 


adehank Bos sclkioas IS Aopen Ae Aleka Oem +e 
Seats bey 0 DaAcT my 
esiyid AP (let SS 
anaee' tam omition§ vag 
op i. ec Seeted mata wl a 


Sle ee al 










































ann een mash aeneea 


sm a eee en ee 


Sanches Yaoa mn WENT se” -_ 
| Jif 
















— )|6i 





58 


"IPM Referemme Manual, 709/7090 Date Processing Sye#ten" 


Jeanes, R. £., Gxitical Psth Method Applied te the 
OQvérgli. Process cf Building, Building Reseanc) 
Curr@nt Papers, Crown Copyriyht, 193 





Keller, 3. S., "The Critical Path Method ~ Its Implemen- 
tation and Effective Utilization in Construction," 
Department of Civil Bnvineering Thesis, M.T.T., 1904 


Kelley, James £., Jr., “Criticai-Path Planning and 


Journal, Volume 9, 1961 


Kelley, James E., Jr., The Critical-Path Method, 


Associates, Inc., 1961 





Kelley, James E., Sr., and Walker, Morgan R., 
"Critical-Path Planning and Schedulin),' 195° Pro~ 
geedinys of the EZastern Joznt Comouter Conference, 
Msouchiy Associates, Ine. 





Kiéd, John D., “The Critical Path Method Extenved to 
Include Considerations of Resource Scheduling," 
Department of Civil Engineering Thesis, M.f.T., 1903 


Maintenance Manasement of Public Works and Public 
Utilities, Bureau of Yards and Docks, Devartment 
of the Navy, 1961 








McCracken, Daniel D., A Guide to Fortran Pro:ramnin:, 
John Wiley & Sons, Ine., i963 





R.E:F..5 1964. 


Pennell, Donald R., "A Computer Approach Towarcs Devel- 
oping Critical Path Networks,“ Department cf Civil 
Engineering Thesis, M.I.T., 1962, 


‘wee! otiweneewt af at Varian i — ara ot? 
12 = ,eomet 


<= | 







snemtgpet ae = Retr ld lo 
DAswcarwed os c@bhaweli ls 


WAR ap De Get (okaceet ae 
ha (ttes'§ el Ml an 
we) oe 








59 


PERT, a Menayement Control System, Sperry Gyroscope 


Company, Division of Svnerry Rend Corporation 


aris Manacement eet Bailistic Missile Program. 
Special Projects Office, Department of the Wevy, 
1901 





Public Works Management Improvements, Buerau of 
Yards and Docks, Department of the Navy, 19.3 


White, Glenn L., "An Introduction tc Computerized CPM,” 


The Constructor, April 193. 
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Assume: Total men available = 30 
Men available, Shop 1 = 12 
Men available, Shop 2? = 18 


and, Long Range Schedule allocation sas follows: 


Manpower allocations 





Project Day i Day 1 
Identification Mornin: Aftemoon 
1 15 13 
2 ‘Lo o) 


Further assume: that Project 1 has been reac into 


memory and that activity reqmiirements are as follows: 


Men Shop lL Shoo 2 

Activity Required Duration Req'‘t Reg't 
lL (eritical) 3 2 2 e 
2 3 2 L 2 
3 3 2 O 3 
4 3 2 5 G 
5 3 2 un 2 
© 3 2 2 L 
7 3 2 O S 


Day 1 - morning har been selected for schedulinsa. 


SOLUTTON 


Step 1: Determine the number of men of each Siuobd or 
Skill working on the haif day being ecneduled. 
Activity 1, critical - 3 men working 

proportional share, Shop 1 = 6/5 =(12/30)x3 


9/5 = (18/3 Pix3 


proportional share, Shop 2 
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Schedule critical task 1 
Men allocated = 15 


Men @cheduled = 3, 2? of Shop 1, 1 of Shop ? 


Shop 1 cumulative difference (CD) 
= 6/5 = 10/5 = - 4/3 


Snop 2 cumulative difference (CD) 
= 9/35 ~ 5/5 = + 4/> 


If the number of men scheduled is less tnan 
the number aliocated, determine the vaiuc 
of the non-critical activities which can 


be worked. 





N 
Activity Value = Ze W/MWA x S + CD - WR 

L 

2 0/9 

3 bf 3 

4 20/5 

5 6/5 

6 15/5 

7 Ass 


Select the non-critical task with the smallest 
value first encountered by the prouram and 
schedule it. 
Schedule task 3 
Men allocated = J|5 
Men scheduled = 5, 2 of Shop 1, 4 of Sitap 2 
Shop 1 CD = 12/5 - 10/5 ™ + 2/5 
Shop 2? CD = 18/5 ~ 20/5 = =?/5 


20 
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Repeat Step 2: 


Activity Value 
2 6/5 
Aj 14/2 
5 o/5 
6 4/5 
7 1s/5 


Repeat Step 3: 


Schedule task = 


tt} 


15 

Men scheduled 9, 4 of Shop 1, 5 of Shop ? 
Shop 1 CD = 18/5 - 20/5 = - 2/5 

Shop 2 CD = 27/5 ~ 25/5 = + 2/5 


Men allocated 


il 


Repeat Step ?: 


Activity Value 
3 a/b 
4 22/8 
5 2/9 
7 6/5 


Repeat Step 3: 
Schedule task 2 
Men allocated = 15 
Men scneduled = 12, 5 cf Shup 1, 7 of Shop 2 
Shop 1 CD = 24/5 ~ 25/5 = ~ 1/5 
Shop 2 CD = 36/5 = 33/5 =+1/5 


Repeat Step 2: 


Activity Value 
4 20/5 
5 O 


7 10/5 
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Repeat Step 3: 
Schedule tatk 5 
Men allocated = 15 
Men scheduled = 15, 6 ef Shop 1, 9 of Shop | 
Shop 1 cD = 30/5 - 36/5 = 0 
Shop 2 CdD = 45/5 - 43/3 = 0 


i: 


The entire manpower allocation for Project 1 has now 
been used for the first half dav. No new activities wouic 
be scheduled for the afternoon since ali tasks take ° half 
days to work and workin; tasks utilize the entire manpower 
allocation. 

It can be seen that Project 1 used its proportional 
share of the two skiils, 6 men from Shop 1 and 9 men from 
Shop 2. 
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On the pages following is a complete listing of 
the Fortran program describeé in this thesis. 

No effort has been made to explain the Fortian 
coding system since this information is readily avaii- 
able in the reference manuals cited in the bibliography. 

A partial glossary of names assi,ned to proyram 
variables is included below in the order in which they 


appear in the program. 


Variable Name Description 

I Activity initial node 

J Activity terminal node 

JAIDN Activity identification 

JAMHS Activity man-hours of work 
JASMN Activity standard work force 
JACM Activity crash work force 

JATMN Activity actual work force used 
JASMII Activity standard man-lcurs 
JACM Activity crash man~hours 

JATMH Activity actual man-hours used 
JASCO Activity standard labor cost 
JACCO Activity cragh labor cost 
JATCO Activity actual labor cost 
JAZET Activity early start 

JALTE Activity late finish 

JABST Activity best (actual) start 
JABFI Activity best (actual) finish 
AMARC Activity opportunity cort 
JASSK Activity standard skill requirement 
JACSK Activity crash skill requirement 
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IPDMA 
MSKIL 
TPMON 
IPROS 
MSCiIiS 
MLRSR 


MWDPY 
MWHPD 
MSNYS 
MTAP2 
IPSLC 
LPCLC 
IPACT 
ILARS 
IPIDN 
IPLPD 
ITPTM 
IPSiRi 
IPAMH 
IPALC 
TPC 
LIPSST 
LPSFI 
PHEEM 
IT PAVG 
IPAVR 
IPGRD 
OPSAV 
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Project manpower allocation 


Skill or Shop @vailability 


Provecc control 


Number of projects 
Schedule start 


bony ramyge schedule ranje 


Detailed schedule range 


Working 


Working 


days per yeax 


hours per day 


Schedule new year shift 


Carryover tape control 


Project 


Project 


standerd labor cost 


crash Labor cost 


Number of project activities 


Mumber of largest network Node 


Project 
Project 
Project 
Project 
Preject 
Project 
Project 
Project 
Project 
Project 
Projece 
Project 


Project 


icentification 

economic value 

total man-hours ck work 
standard man-hours 

actual man<—nours 

actual direct lamor cost 
crash man~hours 

start scnreduled 

finish scheduled 

man-hours of work remaining 
averaye inen workinu 

average men workin] reralnins 


working oreer oriorily 


Opportunity cost per man 
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IPAVA 
MDAY 

MLUREN 
MSCH 

PROST 
PROFIT 
PROTM 
PRONT 
PROCT 
JARST 
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Men available 
Work day 
Lony range schedule end 
Men scheduled 
Project start 
roject finish 
Project working time (duration) 
Project standard work time 
Project "emash work time 


Activity restricted start 
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A COMPUTER PROGRAM FOR SHOP SCHEDULING OF MAINTENANCE AND CONSTRUC 
TION PROJECTSe PROGRAM PART I--DETERMINING THE CRITICAL PATH FOR 
EACH PROJECT AND THE MOST ECONOMICAL WORKING SCHEDULE. 


REWIND 8 
REWIND 9 
REWIND 10 


DIMENSION I[(100)sJ(100) sJAION( 100) s JAMHS( 100) sJASMN(100) sJACMN(100 
1) sJATMN( 100) » JASMH( 100) » JACMH( 100) »JATMH( 100) sJASCO(100) »sJACCO(100 
2) sJATCO( 100) » JAEET( 100) s JALTE (100) » JABST(100) sJABFI(100) sAMARC(100 
3) sJASSK(10095) sUACSK (10095) sIPDMA( 360) sMSKIL (5) »NUMB(50) 
INITIALIZATION 
IPMON=0 
KEY=0 
IPROS=0 
DO Ye Kae 360 
12 IPDMA(K)=0 
READ INPUT TAPE 49119sMSCHS  »MLRSR»MDDSR »9MWDPY »MWHPD sMSNYS sMTAP2 9(MS 
LKIL(M) »M=195) 
11 FORMAT (1214) 
WRITE TAPE 9sMSCHS»sMLRSR »MDDSReMWDPY sMWHPD »MSNYS sMTAP29(MSKILI(M) 9M 
1=195) 
WHPD=MWHPD 
USP Sec=0 
IPCLC=0 
IPACT=0 
JLARN=0 
READ INPUT TAPE 4916sIPIDONsIPLPD 
16 FORMAT (215) 
IF (IPION) 172984917 
17 IPROS=IPROS+1 
NUMB(CTPROS)=IPION 
18 REAN INPUT TAPF 4919sTleIT2sI13 914915916951 9J29533J4 9J59J6957 98 999 
1IYO 
19 FORMAT (61591012) 
IF (11) 20921320 
20 IPACT=IPACT+1 
JATONCIPACT)=I11 
I(IPACT)=12 
J(IPACT)=13 
JAMHS(IPACT)=14 
JASCOCIPACT)=I15 
JACCO(IPACT)=I16 
JASSKCIPACTs1)=J1 
JACSK(IPACTs1)=J2 
JASSK(IPACT 92) =J3 
JACSK(IPACT92)=J4 
JASSKCIPACT 93)=J5 
JACSKCIPACTs3)=J6 
JASSK(IPACT94)=J7 
JACSK(CIPACTs4)=J8 
JASSK CIT PACT 95) =J9 
JACSK( IPACTs5)=J10 
GO TO 18 
21 DO 26 K=lsIPACT 
IPSLC=IPSLC+IJASCO(K) 
IF (JLARN=-I(K)) 234924924 
23 JLARN=I(K) 
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IF (JLARN=J(K)) 25526926 
JLARN=J(K) 

CONTINUE 

IPTMH=0 

DO 40 K=lsIPACT 

IF (JAMHS(K)) 30929930 
JACMH(K)=JACSK(Ko1) 
JASMH(K)=JASSK(Ko91) 
JASMN(K)=0 

JACMN(K)=0 

JACSK (Ko1)=0 

JASSK(K91)=0 

GO 10.37 
IPTMH=IPTMH+JAMHS(K ) 
JASMN(K)=0 

JACMN(K)=0 

DO 31 J=195 
JASMN(K)=JASMN(K)4JASSK(K9J) 
JACMN(K) =JACMN(K)4JACSK(K 9 J) 
ATIM=JAMHS(K) 

WRKRS=JACMN(K ) 
VALUFIZATIM/(O,5*#WHPD¥WRKRS) 
IVALUE=VALUE]1 

VALUE2=IVALUE 
VALUE3=VALUE1-VALUF2 

fe (VALUES —0,45) 32533533 
JACMH(K)=IVALUE 

GO TO 34 

JACMH(K)=IVALUE+1 
WRKRS=JASMN(K) 
VALUEL=ATIM/(0,5*WHPD*WRKRS) 
I VALUE=VALUE1 

VALUE2=I VALUE 
VALUE3=VALUE1~-VALUF 2 

IF (VALUE3-0.25) 3543636 
JASMH(K)=IVALUE 

GO TO 37 

JASMH=IVALUE+1 
COSTS=JASCO(K) 
COSTC=JACCO(K) 

IF (JASMH(K)-JACMH(K)) 328938939 
AMARC(K)=COSTC 

GO TO 40 

TIME S=JASMH(K) 
TIMEC=JACMH(K) 
AMARC(K)=(COSTC=COSTS)/(TIMES-TIMEC ) 
CONT TINUE 

MM=0 

JAEET(1)=0 

DO 47 K=1sJLARN 

KPLUS=K+1 

JAEET(KPLUS) =0 

DO 47 M=l1lsIPACT 

IF (€JYOM)—-KPLUS) 47,41547 

IF CIOM)-K) 42942547 
NODET=I(M) 

IF (AMARC(M)) 44943543 
JTEST=JAEET(NODET)+JASMH(M) 
GO TO 45 
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JTEST=JAEET(NODET)+JACMH(M) 
IF (JTEST—-JAFET(KPLUS)) 47947946 
JAEET(KPLUS)=JTEST 

CONTINUE 
JALTE(JLARN) =JAEET (JLARN)-—1 
JNOD=JLARN-1 

DO 54 M=1,JNOD 
KMINUS=JLARN-M 

JALTE(KMINUS) =JALTE(JLARN) 
DO 54 N=lesIPACT 

IF (I(N)+#M—-JLARN) 54548954 
IF (JY(N)4+M—-1-JLARN) 545949949 
NODE J=J(N) 

IF (AMARC(N)) 51950950 
JTEST=JALTE(NODEJ )—-JASMHIN ) 
GO TO 52 

JTEST=JALTE(NODEJ )—JACMH(N ) 
IFCUTEST-JALTE(KMINUS)) 53954954 
JALTE(KMINUS)=JTEST 

CONTINUE 

IF (MM) 74555957 

MM=] 

INWCST=IPSLC 

IPALC=IPSLC 
IPSMH=JAEET(JLARN) 
IPAMH=JAEET(JLARN) 
ITOTAL=IPALC+( ( IPAMH*¥IPLPD)/2) 
DO 56 M=1eIPACT 
JATMN(M)=JASMN(M) 
JATCO(M)=JASCO(M) 
JATMH(M)=JASMH(M) 

GO TO 62 

IPPSTM=JAEET( JULARN) 
IPSCST=INWCST+((IPPSTM*¥IPLPD)/2) 
IF (ITOTAL~IPSCST) 62958558 
IPALC=INWCST 

IPAMH=IPPSTM 

ITOTAL=IPSCST 

DO 61 J=lsIPACT 

IF (AMARC(J)) 59360460 
JATMN(J)=JACMN(J) 
JATCO(J)=JACCO( JS) 
JATMH(J)=JACMH(J) 

GO TO 61 

JATMN(J)=JASMN(J) 
JATCO(J)=JASCO( SJ) 
JATMH(J)=JASMH( J) 

CONTINUE 

OPT=IPSLC 

KLAST=0 

DO 66 M=1sIPACT 

IF (AMARC(M)) 66963963 

NODE T=I1(M) 

NODE J=J(M) 

IF (JAEET(NODEI)+JASMH(M)-JALTE(NODEJ)-1) 66364566 
TEST=AMARC(M) 

IF (OPT=TEST) 663966565 
OPT=TEST 

MAX=M 
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KLAST=1 
66 CONTINUF 
IF (KLAST) 67968967 
67 AMARC (MAX )=—-AMARC (MAX) 
INWCST=INWCST+JACCO(MAX )-JASCO( MAX ) 
GO TO 22 
68 IPCMH=IPPSTM 
IPCLC=INWCST 
MM=-1 
DO 73 N=ls.IPACT 
IF (JATMH(N)-JACMH(N)) 70970971 
70 IF (AMARC(N)) 73972972 
71 IF (AMARCI(N)) 72973973 
72 AMARC(N)=~-AMARC(N) 
73 CONTINUE 
GO TO 22 
74 DO 75 N=lsIPACT 
NODET=I(N) 
NODE J=J(N) 
JABST(N) =JAEET(NODET ) 
JABFI(N)=JALTE(NODFJ) 
JAEET(N)=JABST(N) 
JALTE(N)=JABFI(N) 
75 JABST(N)=JABFI(N)41-JATMH(N) 
IPSST=(4*MWDPY )+1 
IPSFI=IPSST+IPAMH—1 
PHREM=IPTMH 
WRITE TAPE SeIPIDNygIPLPD»sIPACTsIPALCsIPSLCsIPCLCsIPTMHsPHREMsIPAMH 
lsIPSMHsIPCMHeIPSST  »IPSFI»sIPMON 
DO 77 N=lsIPAMH 
IT1=IPDMA(N) 
77 WRITE TAPE 9o1fl1 
WRITE TAPE 8sIPION,IPACT 
DO 83 N=lsIPACT 
IF (AMARC(N)) 10591065106 
105 IF (JATCO(N)-JACCO(N)) 81980980 
106 IF (JATCO(N)-JASCO(N)) 81981980 
80 WRITE TAPE 8sJATDNI(N) os ICN) sJON) sJAMHS(N) sJATCO(N ) »JATMN(N) sUATMHON 
1) sJAEETIN) sJALTE(N) sJABSTI(N) sJABFI(N) s (UACSK (NM) oM=195) 
GO TO 83 
81 WRITE TAPE 8eJATDN(N) o ICN) 9J(N) sJAMHS(N) sJATCO(N) sJATMN(N) sUATMH(N 
1) sJAEET(N) sJALTE(N) sJABST(IN) sUABFI(N) » (UASSK(NoM) »M=1 95) 
83 CONTINUE 
KEY=KEY+1 
GO TO 15 
84 IF (MTAP2) 985985998 
85 READ TAPE 10sNOLD 
DO 97 N=l1leNOLD 
READ TAPE 1LOsIPIDNsIPLPDsIPACTsIPALCsIPSLCsIPCLC sIPTMHsPHREMsIPAMH 
1sIPSMHsIPCMHsIPSSTsIPSFI »IPMONs(IPDMA(M) »M=1 »IPAMH) »s(JAION(M) sI(M) 
29J3(M) »JAMHS(M) sJATCO(M) sJATMN(M) sJATMH(M) sJAEET(M) sJALTE(M) »JABST ( 
3M) sJABFI(M) 9 (JACSK(MosK) 9K=195) »9M=1l5IPACT) 
IF (MSNYS) 87988987 
87 IPSST=IPSST-( 2*MWDPY ) 
IPSFI=IPSFI-( 2*MWDPY ) 
88 MSTAD=(2*MSCHS)=-—1 
IF (IPSFI-MSTAD) 97989989 
89 IF (IPSST=-MSTAD) 92590390 
90 IPSST=(4#MWDPY )41 
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IPSFE=TPSST4 ReAMH~1 
DO 91 M=1+IPAMH 
91 IPDMA(M)=0 
92 MM=0 
DO 94 M=1sIPROS 
IF (ITPION-NUMB(M)) 94593994 
93 MM=1 
94 CONTINUE 
IF (hey 97995397 
95 WRITE TAPE 9sIPIDNsIPLPD»IPACTsIPALCsIPSLCsIPCLCsIPTMHsPHREM, IPAMH 
1sIPSMHsIPCMHs IPSST »IPSFI»IPMON 
DO 96 M=1>5IPAMH 
I11=IPDOMA(M) 
96 WRITE TAPE 9511 
WRITE TAPE 8sIPION,IPACT 
DO 99 M=lsIPACT 
99 WRITE TAPE 8e9JAION(M) 510M) 9J0M) »> JAMHS(M) sJATCO(M) »JATMN(M) »JSATMH(M 
1) sJAEET(M) sJALTE(M) s JABST(M) sJABFI(M) 9 (UACSK (MeN) gN=155) 
KEY=KEY+1 
97 CONTINUE 
96 END "PILE 9 
END FILE 8 


REWIND 8 
REWIND 10 


WRITE TAPE l109KEY 
DO 100 K=1 KEY 
READ TAPE 8sIPIDNsIPACT 
DO 101 M=lsIPACT 
101 READ TAPE 8sJAIDN(M) 910M) 2J(M) »JAMHS(M) »sJATCO(M) »JATMN(M) » SJATMH(M) 
1»>JAEET(M) »sJALTE(M) sJABST (M) sJABFI(M) s (CUACSK(MoN) »N=195) 
WRITE TAPE 10sIPION 
100 WRITE TAPE 10s(JAIDN(M) 9 I (M) 9J0M) 2» JAMHS(M) es JATCO(M) es SATMN(M) » JATMH 
1(M)»JAEET(M) » JALTE(M) » JABST(M) sUABFI(M) 9 ( JACSK(MsN) sN=195) sM=lsIPA 
2CT) 
END FILE 10 
CALL CHAIN (293) 
END 
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PROGRAM PART II~~ALLOCATING TOTAL MANPOWER TO PRIORITY PROJECTSe 
THIS PART OUTPUTS A PROJECT SUMMARY AND A LONG RANGE SCHEDULE e 


REWIND 8 
REWIND 9 
REWIND 10 


DIMENSION IPIDN(51)sIPLPD(51) sIPACT(51)sIPALC(51)sIPSLC(51),IPCLC( 
151)sIPTMH(51) »PHREM(51)»IPAMH(51)sIPSMH(51)sIPCMH(51)sIPSST(51)5IP 
2SF1I(51)sITPMON(51)sTPDMA( 509360) sIPAVG(50)sIPAVR(50)+IPORD(50) »OPSA 
3V(50) e«MSKIL(5) 

COMMON IPDMA 

INITIALIZATION 

IPAVA=0 

MA=0 

READ TAPE 10sIPROS 

READ TAPE 9sMSCHSs+MLRSR»sMDDSR »MWDPY sMWHPDeMSNYSeaoMTAP29(MSKIL(M) »M= 
1195) 

DO 17 M=1lsIPROS 

READ TAPE QYoeIlsI2sT3e9IT4eI5sT169IT7sPleIl8sI9sT1LOsTllsIl209I113 

IPION(M)=I11 

IPLPD(M)=]2 

IPACT(M)=13 

IPALC(M)=]4 

IPSLC(M)=I15 

IPCLC(M)=16 

IPTMH(M)=17 

PHREM(M)=P]1 

IPAMH(M)=I18 

IPSMH(M)=19 

IPCMH(M)=110 

IPSST(M)=I111 

IPSFI(M)=]712 

IPMON(M)=113 

IPTIM=IPAMH(M) 

DO 17 N=leIPTIM 

READ TAPE 9o11 

IPODMA(MeN)=I1 

REWIND 9 

WHPD=MWHPD 

MSTRT=(2*MSCHS)=-1 

DO 19 M=1,IPROS 

PLPD=IPLPD(M) 

PTMH=IPTMH(M) 

PAMH=IPAMH(M) 

PAVG=PTMH/(0¢5*WHPD*PAMH ) 

OPSAV(M)=PLPD/PAVG 

IPAVG(M) =PAVG 

SAVG=IPAVG(M) 

IF (PAVG=SAVG~-04e25) 193919918 

IPAVG(M)=IPAVG(M) 4] 

IPAVR(M)=ITPAVG(M) 

KEYA=0 

DO 22 M=1lseIPROS 

IF (MSTRT=IPSST(M)) 22921921 

KEYA=KEYA41 

IPORD(KEYA)=M 

OPSAV(M)=-OPSAV(M) 

CONTINUE 
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46 


IF (TPROS-KEYA) 28928524 
OPT=-100.0 


DO 27 M=lsIPROS 
le (OPSAW(M)) “27925525 


IF (OPSAV(M)-OPT) 275327326 
OPT=OPSAV(M) 

NUMB=M 

CONTINUE 

KEYA=KEYA+1 

IPORD(KEYA)=NUMB 

OPSAV (NUMB) =-OPSAV (NUMB) 

GO® TO 23 

DO 29 M=195 

IPAVA=IPAVA4+MSKIL(M) 
MLREN=MSCHS+MLRSR—} 

MPT IM=MSTRT+4+(2*MLRSR)—1 

DO 66 M=MSTRTsMPTIM 

L=0 

MSCH=0 

PM=M 

L=L+] 

IF (FPROS=-L) 38931531 
NUMB=IPORD(L) 

IF (IPSFICNUMB)—M) 30932932 

IF (MSCH4+IPAVR(NUMR)-IPAVA) 33933938 
MSCH=MSCH4+IPAVR (NUMB ) 

IF (€IPSST(NUMB)=-$M) 373937336 
IPSST(NUMB)=M 
IPSFI(NUMB)=IPSST(NUMB)+IPAMH(NUMB )—1 
JDAY=M+1=-IPSST(NUMB) 
IPDMA(NUMBsJDAY)=TPAVR (NUMB) 
PAVR=IPAVR(NUMB) 

PHREM (NUMB ) =PHREM(NUMB)—-(0e5*PAVR*®WHPD ) 
GO TO 30 

LPT IM=L-1] 

KEY 2=0 

DO 45 N=l59LPTIM 

IF (TPAVA=MSCH) 45545540 
NUMB=IPORDI(N) 

IF (IPSFI(NUMB)=M) 45945541 
PSFI=IPSFI(NUMB) 

REMPH= (PHREM(NUMB)—(0e5*WHPD) )/(PSFI—-PM) 
AVR=IPAVG(NUMB ) 

PAMH=IPAMH(NUMB) 

PAVR=REMPH/ (0¢5*WHPD* (PAMH—-PM) ) 

IF (PAVR=(0.5*AVR)) 45942342 
MSCH=MSCH+1 

IPAVR(NUMB)=PAVR 

SAVG=IPAVR(NUMB) 

IF (PAVR=SAVG—-0225) 44544,43 
ITPAVR(NUMB)=TPAVR (NUMB)+1 
PHREM(NUMB ) =PHREM(NUMB)—-(0.5*WHPD ) 
JDAY=M+1-IPSST(NUMR) 

ITPDMA (NUMB s JDAY ) = IPDMA (NUMB 9 JDAY ) +1 
KEY2=1 

CONTINUE 

IF (KEY2) 39946939 
MDAY=(PM+120)/2¢0 

KEY3=25 
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DO 63 K=lsLPTIM 
IF (25-KEY3) 14914552 
14 IF (MA) 49947349 
47 WRITE OUTPUT TAPE 2548 sMDAY sMSCHSsMLRENs IPAVAsMSCH 
48 FORMAT (1H150X19HLONG RANGE SCHEDULE/S5OX8HWORK DAYI499H MORNING// 
L8X14HSCHEDULE STARTI4s8X12HSCHEDULE ENDI4921X13HMEN AVAILABLEI5 »8X 
213HMEN SCHEDULEDI5///9X THPROJECT9X THPROJECT9X THPROJECTOXSHTOTALOXS 
3HMAN HOURSOXTHAVERAGEOXOHSCHEDULED/ LOX6HNUMBER1IXSHSTARTILOX6HFINIS 
GHSX9HMAN HOURSOXOHREMAININGSX11HMEN WORKING] 1X7HMEN/DAY ) 
GO Te 5! 
49 WRITE OUTPUT TAPE 2350sMDAY sMSCHSsMLRENs IPAVAsMSCH 
50 FORMAT (1H150X19HLONG RANGE SCHEDULE/49X8HWORK DAYI4911H AFTERNOO 
IN//8X14HSCHEDULE STARTI4s,8X12HSCHEDULE ENDI4921X13HMEN AVAILABLEI5 
298X13HMEN SCHEDULENI 5///9X THPROJECT 9X THPROJECT9X THPROJECTOXSHTOTAL 
39X9HMAN HOURS9X7HAVERAGE 9X 9HSCHEDUL ED/ LOX 6HNUMBER1I 1XSHSTARTILOX6HFI 
4GNISHSX9OHMAN HOURSOXOHREMAININGSXIIHMEN WORKING11X7HMEN/DAY ) 
51 KEY3=0 
52 NUMB=IPORD(K) 
IF (IPSFI(NUMB)=$M) 63553953 
53 KEY3=KEY3+41 
JDAY=M+1—-IPSST (NUMB) 
ISTRT=IPSST(NUMB) 
IF CISTRI) S45 54555 
54 ISTRTI=ISTRT+(2*MWDPY ) 
GO TO 57 
55 IF (ISTRT—(2¥*¥MWDPY}) 57957956 
56 ISTRT=ISTRT—( 2*MWDPY ) 
57 STRT=ISTRTI+1 
PROST=STRT/2¢e0 
IFINI=IPSFI(NUMB) 
IF (IFINI) 58558559 
58 IFINI=IFINI+(2*MWOPY ) 
GO TO 61 
59 IF (IFINI~(2*MWDPY)) 615961960 
60 IFINI=IFINI~—( 2*MWDPY ) 
61 FINI=IFINI+4+1 
PROF I=FINI/2,.0 
WRITE OUTPUT TAPE 2962s IPIDN(NUMB) »PROSTsPROFIsIPTMH(NUMB) sPHREM(N 
1UMB) s TPAVG(NUMB) » IPDMA(NUMBsJDAY ) 
62 FORMAT (1HOI1492Fl66elsIT149F1l8elsI159117) 
63 CONTINUE 
IF (MA) 65954965 
64 MA=]1 
GO TO 66 
65 MA=0 
66 CONTINUE 
KEYS 2> 
DO 83 K=leIPROS 
IF (25—-KEY3) 679857,70 
67 WRITE OUTPUT TAPE 2468 
68 FORMAT (1H152X15HPROJECT SUMMARY///3X THPROJECT2X THPROJECT4X5HTOTAL 
12X 7HPROJECT2X THPROJECT2X THWORKING3X6HDIRECT3X 7HPROJECT2X9HSTD LABO 
2R2XBHSTD WORK2X11HCRASH LABOR2X8HCRASH WK/4X 6HNUMBER6X 3HACT 3 X6HMAN 
ZBHRS4X5SHSTART3X6HFINISHSX4HT IME4XSHCOSTS2X 8HLOSS/DAY6XS5SHCOSTS6X4HTI 
4ME8BX 5SHCOSTS6X4HT IMF ) 
KEY3=0 
70 KEY3=KEY341 
NUMB=IPORD(K) 
ISTRT=IPSST(NUMB) 
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IP GCISURT ) 7 let sz 2 
71 ISTRT=ISTRT+( 2*MWDPY ) 
GO TO 74 
72 IF (CISTRTI-(2*MWDPY)) 74974973 
73 ISTRT=ISTRI-( 2*MWOPY ) 
74 STRT=ISTRT+1 
PROST=STRT/2,0 
IFINI=IPSFI(NUMB) 
TP (PF ol) 1T5s75576 
75 IFINI=IFINI+( 2*MWDPY ) 
GO TO 78 
76 IF (ITFINI~(2*MWDPY)) 78978977 
77 IFINI=IFINI—( 2*MWDPY ) 
78 FINI=IFINI+1 
PROF T=FINI/2,0 
CRASH=IPCMH(NUMR) 
PROCT=CRASH/2.20 
STD=IPSMH(NUMB) 
PRONT=STD/2,0 
ATIM=IPAMH(NUMB ) 
PROTM=ATIM/2,0 
IF (IPSST(NUMB)—-(4*MWDPY)) 79979981 
79 WRITE OUTPUT TAPE 2s80sIPIDN(NUMB) » IPACT (NUMB) s IPTMH(NUMB) sPROST oP 
LROF I sPROTMsIPALC(NUMB) sIPLPD(NUMB) »s IPSLC(NUMB) sPRONT sp IPCLC(NUMB) oP 
2ROCT 
80 FORMAT (1HO3ZI9 es 3F9O el sIIVsTIOsTllsoFlOelsI135F1060l) 
GO TO 83 
81 WRITE OUTPUT TAPE 2982sIPIDN(NUMB) » IPACT(NUMB) sIPTMH(NUMB) »sPROTM,I 
LPALC(NUMB) sIPLPD(NUMB) »sIPSLC(NUMB) »sPRONTs IPCLC(NUMB) »PROCT 
82 FORMAT (1HO3I9s4X15HNOT SCHEDULED F9elsI9OsTl1OsIT Ll sFlIOelsI139F10el 
1) 
83 CONTINUE 
WRITE TAPE 9eMSCHS »sMLRSR »eMDDSRoeMWDPY +> MWHPD sMSNYS sMTAP26(MSKIL(M) 9M 
1=195)e(TPORD(M) »sM=]sIPROS) 
DO 85 M=1+sIPROS 
ITl1=IPION(M) 
I2=IPLPD(M) 
I3=IPACT(M) 
I4=ITPALC(M) 
I5=IPSLC(M) 
I6=IPCLC(M) 
I7=IPTMH(M) 
P1=PHREM(M) 
I18=IPAMH(M) 
I19=IPSMH(M) 
110=]TPCMH(M) 
IT1l1l=IPSST(M) 
IT12=IPSFIC(M) 
113=IPMON(M) 
WRITE TAPE QSsITloI2eI13sT4eIT59T69T7esPloT8sI9esTlOsITlisIl129113 
IPTIM=IPAMH(M) 
DO 85 N=leIPTIM 
IT1=IPDMA(MoN) 
85 WRITE TAPE 9611 
END FILE 9 
CALL CHAIN (393) 
END 
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PROGRAM PART IITI--DETERMINING ACTIVITY EVENT TIMES TO UTILIZE THE 
AVAILABLE WORK FORCEe THIS PART OUTPUTS COMPLETE AND DETAILED 
PROJECT WORKING SCHEDULES. 


REWIND 8 
REWIND 9 
REWIND 10 


DIMENSION IPJIDN( 200) »JAIDN( 200) 91 (200) 9 J(6 200) » JAMHS (200) »JATMN( 200 
1) sJATMH( 200) » JATCO( 200) s JAEET (150) » JALTE (150) sJABST (150) sABSA( 200) 
29JABFI(150) »sABFA( 200)» JASKL (15095) » IPDMA( 360) s IPORD(50) sMSKIL(5) 9S 
3KILM(5) »MSKL1 (200) »MSKL2 (200) sMSKL3 (200) »MSKL4(200 ) sMSKL5(200) »BTI 
4ME( 200) sABA(5) sABB(5) sABC( 72095) sLENT (720) »sJARST (150) »MENS (50) »MSC 
5H(720) 
READ TAPE 10,sIPROS 
READ TAPE 9»MSCHS»MLRSR »MDDSR »MWDPY sMWHPD oe MSNYSoMTAP29(MSKIL(M) »M= 
1195) 9(TPORD(M) »M=15IPROS) 
WDPY=MWDP Y 
DO 25 M=1>sIPROS 
READ TAPE 9sIPIONsIPLPDs IPACT sIPALC sIPSLCoIPCLCs IPTMHsPHREM, IPAMH > 
LIPSMHsIPCMHsIPSSTsIPSFI»IPMON 
DO 16 N=1sIPAMH 
READ TAPE 9911 
16 IPDMA(N)=T1 
IF (ITPROS-M) 18517,18 
17 REWIND 9 
18 READ TAPE 10 sNUMB 
IF (IPION=-NUMB) 19521919 
19 WRITE OUTPUT TAPE 2920sIPIONsNUMB 
20 FORMAT (1H122X28HINFORMATION OUT OF SEQUENCE +«3X15HPROJECT NUMBER I 
1593X16HSCHEDULE NUMBER I5) 
GO TO 25 
21 READ TAPE 10s(JATON(K) 9 I(K) 9d(K) sJAMHS(K) sJATCOCK) sJATMN(K) 9 JATMH ( 
1K) sJAEET(K) sJALTE(K ) sUABST(K) sJABFI(K) 9 (YASKL (Ko L) s9L=195) sK=1l9IPAC 
Zr} 
IF (TPROS=M) 24923324 
23 REWIND 10 
24 WRITE TAPE 8s9IPIDONsIPLPDsIPACTsIPALCsIPSLCsIPCLCsIPTMH»sPHREMs IPAMH 
1xsTPSMHsIPCMHsIPSST sIPSFI»IPMONs(IPDMA(K) sK=19TIPAMH) s (JAION(K) 9 I(K) 
29J(K) »JAMHS(K) sJATCO(K) sJATMN(K) sJATMH(K) sJAEET(CK) sJALTE (K) 9 JABST ( 
3K) sJABFI(K) » (JASKL(K oL) sL=195)sK=1lsIPACT) 
25 CONTINUE 
END FICE 8 


REWIND 8 
REWIND 9 
REWIND 10 


IPAVA=0 
DO 26 M=195 
IPAVA=IPAVA4+MSKIL(M) 
26 SKILM(M)=MSKIL(M) 
PAVA=IPAVA 
MSTRT=(2*MSCHS)=-1 
MPT IM=MSTRT+(2*MDDSR)—1 
MDDEN=MSCHS+#+MDDSR-1 
INITIALIZATION 
DO 27 M=MSTRT »MPTIM 
LENT (M)=0 
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MSCH(M)=0 
DO 27 L=195 
27 ABC(MsL)=0 
DO 28 K=1+50 
28 MENS(K)=0 
WRITE TAPE 10e9IPROS 
KSCH=0 
29 KEY2=0 
KSCH=KSCH41 
NUMB=IPORD(KSCH) 
DO 120 L=1leIPROS 
me (KEY2) 1205305170 
30 READ TAPE 8sIPIDNeTIPLPDsIPACTsIPALCsIPSLCeoIPCLCsIPTMHsPHREM,IPAMH >, 
LIPSMHs IPCMHsIPSSTsIPSFIsIPMONs( ITPDMA(M) «M=1l9IPAMH) s(JAIDN(K) oI (K) 9 
2J(K) »eJAMHS(K) sJVATCO(K) sJATMN(K) pJUATMH(K) sJAEETI(K) sYALTE(K) sUABST(K 
3) sJABFI(K) s(JASKL(K oN) »N=195) sK=lsTPACT) 
IF (NUMB-L) 12093149120 
31 IF (IPSST-MPTIM) 33933932 
32 KEY2=-1 
GO TO 120 
33 IF (IPSST-JAEET(1)) 36938934 
34 KD=IPSST-JAEET(1) 
DO 35 K=lesIPACT 
JAEET(K)=JAEET(K)+KD 
JALTE(K) =JALTE(K)4+KD 
JABST(K)=JABST(K)4+KD 
35 JABFI(K)=JABFI(K)+KD 
GO TO 38 
36 KN=JAFET(1)-ITPSST 
DO 37 K=lsIPACT 
JAEET(K) =JAEET(K)-KD 
JALTE(K)=JALTE(K)-KD 
JABST(K)=JABST(K)-KD 
37 JABFI(K)=JABFI(K)-KD 
38 MENS(KSCH)=IPIDON 
DO 13 K=lseIPACT 
JARST(K)=IPSST 
IF (JAEET(K)+JATMH(KI-JALTE(K)-1) 40939940 
39 JARST(K)=JAEET(K) 
GO TO 13 
40 DO 43 M=lsIPACT 
IF (UCM)—-I(M)) 43941943 
41 IPM=JABFI(M)+1 
IF (JARST(K)-IPM) 42943943 
42 JARST(K)=IPM 
43 CONTINUE 
13 CONTINUE 
DO 67 M=MSTRT »MPTIM 
MPR=0 
DO 46 K=lsIPACT 
IF (M—JABST(K)) 46544944 
44 IF (JABFI(K)—-M) 46545945 
45 MSCH(M) =MSCH(M)+JATMN(K) 
MPR=MPR+JATMN(K) 
REN=JATMN(K) 
DO 12 N=1,5 
ASKL=JASKLI(IKoN) 
ABC (MsN) =ABC(MoN)4+((REN¥SKILM(N) )/PAVA)—ASKL 
12 CONTINUE 
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CONTINUE 

MDAY=M+1-IPSST 

IF (IPDMA(MDAY )—-IPMON-LENT(M)—-MPR) 66966947 
BST=100,0 

JOB=0 

DO 56 K=lsIPACT 

IF (M-JARST(K)) 565948948 

IF (JABST(K)=—$M) 56956949 
REN=JATMN(K) 

COUNT=0 

IF (MSCH(M)4#JATMN(K)—-IPAVA) 50950956 
DO 53 N=195 

ASKL=JASKL(Ko9N) 
ABA(N)=ABC(MsN)4+( (REN®#SKILM(N) ) /PAVA)-ASKL 
IF (ABA(N)) 51952952 

COUNT =COUNT=-ABA(N) 

GG TO $3 

COUNT=COUNT+ABA(N) 

CONTINUE 

IF (BST-COUNT) 56356954 

DO 55 N=195 

ABB (N)=ABA(N) 

JOB=K 

CONTINUE 

IF (JCB)a 57966557 

MSCH(M) =MSCH(M) #JATMN( JOB) 
MPR=MPR+JATMN (JOB) 

JABST(JOB)=M 

JABF I (JOB) =JABST (JOB )+JATMN( JOB) —1 
ND=J (JOB) 

DO 58 K=195 

ABC (M9K)=ABC(MsK)+ABB(K) 

DO 11 N=leIPACT 

IF (ND-T(N)) 11959511 
JARST(N)=IPSST 

IF (JAEET(CN) +JATMH(N)—-JALTE(N)—-1) 61960961 
JARST(N) =JAEET(N) 

GO TO 11 

DO 64 K=lsIPACT 

IF CYCKI—I(K)) 64962964 
IPM=JABFI(K)+1 

IF (YJARST(N)=-IPM) 63964964 
JARST(N)=IPM 

CONTINUE 

CONTINUE 

GO TO 65 

IPMON=MPR-IPDMA(MDAY ) 
LENT(M)=LENT(M)+#MPR-IPDMA(MDAY ) 
CONTINUE 

KEY3=25 

ISTRT=IPSST 

IF (ISTRT) 68968970 
ISTRT=ISTRI+( 2*MWOPY ) 

GO TO 72 

IF (ISTRT=(2*MWDPY)) 72972971 
ISTRT=ISTRTI—( 2*MWDPY ) 
STRT=ISTRT+1 

PROST=STRT/2.20 

IFINI=IPSFI 
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Tr OPRENT) S37 5074 
73 IFINI=IFINI+( 2*MWDPY ) 
GO TO 76 
74 IF CIFINI=~(C2*MWDPY)) 76376975 
75 IFINI=IFINI-( 2*MWDPY ) 
76 FINI=IFINI+1 
PROF I=FINI/2.0 
ATIM=IPAMH 
PROTM=ATIM/2,.0 
WRITE TAPE 1O0sITPIDNsIPLPDsIPACT,s,IPALCs IPSLCsIPCLCsIPTMHsPHREMs IPAM 
THs IPSMHsIPCMHes IPSSTsIPSFIsIPMON»s( IPDMA(K) sK=l1sIPAMH) s(SJAIDN(K) 9 TUK 
2)9J(K) sJAMHS(K) sJATCO(K) sJATMN(K) sUATMH(K) sJAEET(K) sJALTE(K) sJABST 
3(K) sJABFI(K) so (SASKL (IK oN) oN=195) sK=1 s I PACT) 
DO 92 N=lsIPACT 
IF (25—KEY3) TielTtsT79 
77 WRITE OUTPUT TAPE 2578sIPIDN>sPROST »sPROFI »sPROTMsIPTMH 
78 FORMAT (1H146X25HCOMPLETE WORKING SCHEDULE/50X14HPROJECT NUMBERI5/ 
1/6X14HPROJECT START F5Sels8X1LIHPROJECT ENDF6els19X12HWORKING TIMEFS5 
2elslOX1I2ZHTOTAL MANHRSI6//7X3HACT3X4HINIT3X4HTERM4X 3HMAN3 X5SHTOT AL 3X 
35HL ABOR3 X 7THWORK ING3X8HEARLIEST3X8HEARLIEST3X6HLATEST3X6HLATEST3X5H 
4TOTAL3X8HACTIVITY/4X6HNUMBER3 X4HNODE3 X4HNODE4SX3HHRS 5X 3HMEN4SX4GHCOST 
S6X4HTIME6GXS5SHSTARTSX6HF INI SH4SXSHSTART3X6HF INISH3X SHFLOAT3 X8HCATEGOR 
6Y) 
KEY3=0 
79 KEY3=KEY341 
ERL=JAEETI(N) +41 
AEET=ERL/2.0 
IF (AEET) 80980981 
80 AEET=AEET+WDPY 
GO TO 83 
81 IF (AEET=WDPY-0.5) 835383982 
82 AEET=AEET~wWDPY 
83 AFTER=JALTE(N)41 
AF TF I=AFTER/2.40 
IF (AFTFI) 84984985 
84 AFTFI=AFTFI4+WDPY 
GO TO 87 
85 IF (AFTFI-WDPY-0.5) 87987986 
86 AFTFI=AFTFI-WDPY 
87 ATIM=JATMH(N) 
ATIME=ATIM/2.0 
AERF =AEET+ATIME-025 
AFTST=AFTFI4+0¢5—-ATIME 
FLOAT=AFTFI4+0e5—-AEET=ATIME 
IF ( JAEET(N) +JATMH(N)I-JALTE(N)=1) 90388390 
88 WRITE OUTPUT TAPE 2s89sJAIDN(N) os I(N) sJ(IN) sJAMHS(N) sJATMN(N) ,JATCO( 
IN) sATIME sAEET sAERF sAFTST sAFTFI sFLOAT 
89 FORMAT (1HOI9O s31792ITB8sFlOels2Fllels2F9elsF 8els3X8HCRITICAL) 
GO TO 92 
90 WRITE OUTPUT TAPE 29391 sJAIDNI(N) og 1(N) sJIN) » JAMHS(N) sJATMN(N) »JATCO 
1N) sATIME sAEET sAERF sAFTST sAFTFI sFLOAT 
91 FORMAT (1IHOI9Os3I7TsPTB8esFlOels2Fllels2F9elsFRels3X8HNOT CRIT) 
92 CONTINUF 
MA=0 
DO 150 M=MSTRT »MPTIM 
PM=M 
MDAY=(PM4+120)/220 
KEY3=25 
DO 116 K=lsIPACT 
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Pe €25=KRE Y3)” 92993 ,100 
93 IF (MA) 96294396 
94 WRITE OUTPUT TAPE 2395 sMDAYsIPIDN»MSCHS sMDDEN 
95 FORMAT (1H14G8X23HDAILY DETAILED SCHEDULE/48X11HDAY NUMBER 1493X7HM 
LORNING//21X15HPROJECT NUMBER I5910X15HSCHEDULE START 14810X13HSCHE 
2DULE END I4///) 
GO TO 98 
96 WRITE OUTPUT TAPE 2397 »MDAY sIPION»MSCHS »sMDDEN 
97 FORMAT (1H1I48X23HDAILY DETAILED SCHEDULE/47X11HDAY NUMBER 1493X9HA 
LFTERNOON//21X15HPROJECT NUMBER I[5910X15HSCHEDULE START 14910X13HSC 
2HEDULE END I4///) 
98 WRITE OUTPUT TAPE 2999 
99 FORMAT (1H+4X3HACT3X4HINIT3X4HTERM3X 3HMAN3X 5SHLABOR 3X 7HWORK ING4X 4HB 
LESTSX4HBEST3X5HTOTAL3X6HSHOP 13X6HSHOP 23X6HSHOP 33X6HSHOP 43X6HSH 
20P 5/5X3HNO™*’ 3X4HNODE 3X 4HNODE 3 X3HHRS 4X GHCOST6X4GHT IME3ZXSHSTART 3X6HF I 
3N1ISH5X 3HMEN6X 3HME N6X 3HMEN6X3HMEN 6X 3 HMEN6X BHMEN ) 
KEY 3=0 
100 IF (M-JABST(K)) 116910139101 
101 IF (JABFI(K)=$M) 11691029102 
102 KEY3=KEY3+41 
JOB=JAION(K) 
IF (JOB) 10391049104 
103 JOB=-JOB 
104 ATIM=JATMH(K) 
ATIME=ATIM/2.0 
INIT=I(K) 
JTER=J(K) 
IHR=JAMHS(K) 
ICT=JATCOCK) 
IMN=JATMN(K) 
MS1=JASKL (Kol) 
MS2=JASKL(Ks2) 
MS3=JASKL (K 93) 
MSG=JASKL (K 94) 
MSS=JASKL (Ko5) 
STRT=JABST(K) 41 
ABST=STRT/2-20 
IF (ABST) 10591059106 
105 ABST=ABST+4+WDPY 
GO TO 108 
106 IF (ABST-WDPY-0-5) 10891089107 
107 ABST=ABST=WDPY 
108 FINAL=JABFI(K)41 
ABFI=FINAL/2.0 
IF (ABFI) 10931099110 
109 ABFI=ABFI+4WDPY 
GO TO 112 
110 IF (ABFI-WDPY-0.-5) 11291129111 
111 ABFI=ABFI-WDPY 
112 WRITE OUTPUT TAPE 29113sJOBsI(K) sJ(K) »s JAMHS(K) sJATCO(K) s ATIME 9 ABST 
1 sABF I sJATMN(K) »MS15MS2 9MS3 9MS4eMS5 
113 FORMAT (1HO3I 7Tel6s18esFlOelsFBelsF9els 189519) 
IF (JAIDN(K)) 11691149114 
114 WRITE TAPE 9sIPIDNsJOBs INIT sJTERsIHRs ICT sATIME sABST sABFI 9 IMNoMS1 oM 
1S29MS3 »MS4sMS5 
JAIDN(K)=-JAIDN(K) 
116 CONTINUE 
IF (MA) 15291519152 
151 MA=1 
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Go TO: Vso 
152 MA=0 
150 CONTINUE 
IF (KSCH=50) 11891179117 
117 KEY2=-l1 
GO TO 120 
118 INT=KSCH41 
JINT=IPORDCINT) 
IF (NUMB-JNT) 12091199119 
119 KEY2=1 
120 CONTINUE 
REWIND 8 
IF (KEY2) 121929929 
121 IPIDN=0 
WRITE TAPE QSsIPIONsJOBsINITsJTERsIHRsICTsATIMEsABST sABFI o IMNoMS1 oM 
1S529MS39MS4sMS5 
END FILE 9 
DO 125 L=lsIPROS 
READ TAPE 8sIPIDNsIPLPDsIPACTsIPALCsIPSLCeoIPCLCs IPTMH,PHREM,IPAMH, 
LIPSMHsIPCMHsIPSSTsIPSFIs IPMONs ( IPDMA(K) »K=19IPAMH) s(JAIDN(K) oI (K) 9 
2J(K) sJAMHS(K) sUATCO(K) »JATMN(K) sUATMH(K) sJAEET(K) s JALTE(K) sUABST(K 
3) esJABFI(K) s (JASKL(K oN) »sN=1 95) sK=leTIPACT) 
KEY2=0 
DO 123 N=1+950 
IF (IPIDN=MENS(N)) 12391229123 
122 KEY2=1 
123 CONTINUE 
IF (KEY2) 12591249125 
124 WRITE TAPE 10sIPIDNeIPLPDsIPACTsIPALCsIPSLCsIPCLCsIPTMHsPHREMs IPAM 
lHsIPSMHsIPCMHs IPSSTsIPSFIsIPMONs (IPDMA(K) sK=leTIPAMH) » (JAIDN(K) 9 TUK 
2)9JS(K) sJAMHS(K) sJATCO(K) sUATMN(K) sJATMH(K) sJAEET(K) sUALTE(K) s JABST 
3(K) esJABFI(K) » (OASKL (K9M) o9M=195) s9K=1 9 IPACT ) 
125 CONTINUE 
END FILE 10 
REWIND 9 
KEY4=0 
127 READ TAPE 9QosIlsI2eIT39IT4e15s169PleP2sP3sI17e9T8sI1I9esT1OesT1l19I12 
IF (31) 12891299128 
128 KEY4=KEY4+41 
IPIUDN(KEY4)=I1 
JATDN(KEY4)=12 
I(KEY4)=13 
J(KEY4)=14 
JAMHS(KEY4)=15 
JATCO(KEY4)=16 
BTIME(KEY4)=P]1 
ABSA(KEY4) =P2 
ABFA(KEY4)=P3 
JATMN(KEY4)=17 
MSKLI(KEY4)=18 
MSKL2(KEY4)=I19 
MSKL3(KEY4)=110 
MSKL4(KEY4)=I111 
MSKL5S(KEY4)=112 


GO TO 127 

129 MA=0 
DO 146 M=MSTRT »MPTIM 
PM=M 


DAY=(PM4120)/2e0 
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MDAY=DAY 64 
KFY3=275 
MSCHA=0 
MEN1]=0 
MEN2=0 
MEN3=0 
MENG=0 
MEN5=0 
DO 141 L=1sKEY4 
1F (OB™=KEVS) 130991 309997 
130 IF (MA) 1339131133 
131 WRITE OUTPUT TAPE 2+132sMNDAYsMSCHS »MDDFN 
132 FORMAT (1H149X21HDAILY MASTER SCHEDULE/48X11HDAY NUMBER 1493X7HMOR 
INING//30X15HSCHEDULE START 145s21X13HSCHEDULE END I4///) 
GO TO 135 
133 WRITE OUTPUT TAPE 25134sMDAYsMSCHS»MDDEN 
134 FORMAT (1H149X21HDAILY MASTER SCHEDULE/47X11HDAY NUMBER 1493X9HAFT 
LERNOON//30X15HSCHEDULE START 14921X13HSCHEDULE END I4///) 
135 WRITE OUTPUT TAPE 25136 
136 FORMAT (1H+3X 7THPRO JECT 3X 3HACT 3X4HINIT 3X4HT ERM3X 3HMAN3X SHLABOR3 X GHW 
LORK4X4HBEST5X4HBEST 3X5HTOTAL3X 5HSHOP 1 3X SHSHOP 2 3X SHSHOP33 X SHSHOP 4 3X 
2 5HSHOP5 /5 X 6HNUMBER 3X 3HNO ¢ 3X4HNODE 3 X GHNODE 3X 3HHRS4X GHCOST 3X4HT IME3X 
35HSTART3X6HFINISHSX3HMEN5X 3HMEN5X 3HMEN5X 3HMEN5X 3HMENSX 3HMEN ) 
KFY3=0 
ew) IF (OAY-ABSA(L)) 14151383138 
138 IF (ABFA(L)-DAY) 14191399139 
139 KEY3=KEY3+41 
WRITE OUTPUT TAPE 29140sTPJDN(L) sJAIDN(L)51(L)sJ(L) sJAMHS(L) sJATCO 
1(L)sBTIME(L) sABSA(L) sABFA(L) sJATMN(L) sMSKL1(L) »MSKL2(L) sMSKL3(L) 9™ 
2SKL4(L) sMSKL5(L) 
MO FORMAT (1HO110+165717:16s18s5F 7eloFSel9F%el 9618) 
MSCHA=MSCHA4JATMN (L ) 
MEN1=MEN14MSKL1(L) 
MEN2=MEN24MSKL2(L) 
MEN3=MEN34MSKL3(L) 
MENG=MEN44+MSKL4(L) 
MENS =MENS54MSKLS5(L) 
141 CONTINUE 
IF (MA) 14391429142 
142 MA=1 
GO TO 144 
143 MA=0 
Wee WRITE OUTPUT TAPE 25145s1PAVA»sMSKIL(1]) »MSKIL(2)>+MSKIL(3) »sMSKIL(4)>5 
IMSKIL (5) sMSCHA sMEN] sMEN2 sMEN3 sMEN4G 5 MENS 
145 FORMAT (1HOS52X16HMEN AVAILABLEeoe e618/53X16HMEN SCHEDULEDee e618) 
146 CONTINUE 


REWIND 8 
REWIND 9 
REWIND 10 


CALL FXIT 
END 
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SAMPLE INPUT DATA 


CARD COLUMN 
1 1 2 ? 33333444444 5 
0 5 0 5 02468024 6 8 0 
40 20 240 8 1 O 20 16 24 12 18 MASTER SCHe PARAMETERS 
10 PROJECT IDENTIFICATION 
1 2 8 20 24 12 "4 ACTe ENGINEERING DATA 
1 4 8 20 24 1 2 
1 5 8 20 24 12 
2 3 8 20 24 12 1 2 
3 6 8 20 24 a2 
4 5 8 ZO 24 4 
5 6 8 20 24 1 2 1 2 
6 7 8 20 24 12 it 2 
BLANK CARD 
20 PROJECT IDENTIFICATION 
1 2 30 TC To. acl 2 2 3 ACTe ENGINEERING DATA 
2 S 4 12 16 1 2 
2 ~ 14 40 30> cess 3 1. 2 , ae 
3 3, oe 6125h—CU15O 4aeGe 22 3 3 C5 
~ i, 12 30 36 2 3 eZ eZ 
BLANK CARD 
35 PROJECT IDENTIFICATION 
: 2 12 30 40 1 2 1 2 ACTe ENGINEERING DATA 
1 3 24 55 To 2 3 4 6 
1 7 16 38 56 1 2 2 3 
2 4 8 24 30 Te2 
2 5 ~ 10 15 1 2 
3 + 18 36 ao 23 iz 
4 5 36 80 100 3.5 Cao 2 
& 7 2 40 60 1 2 2 3 
2 6 “0 700 125 122375675 4641 2 
6 7 44 116 140 19 255 
le 8 a 636 165 235735 1 2 
7 9 55 142 168 6 8 2 3 
8 S) 10 36 42 121 2 
<; 10 22 62 tT 2 3 341 2 
BLANK CARD 


BLANK CARD 
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